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PREFACE TO SECOND EDITION. 


The science of dairying is constantly broadening. The 
methods and art of manufacturing the best quality of butter 
have gradually changed in conformity to the scientific princi- 
ples involved, and no manufacture of butter should now be 
undertaken until a careful study has been made of the prin- 
ciples governing the best methods of manufacture. 

The authors admit that, in our present state of knowledge 
and experimental progress, it is in some instances difficult 
to distinguish well established facts from those not universally 
confirmed; hence it has been the object of the writers to give 
only information supported by the preponderance of experi- 
mental e\ddence. 

The first edition of this book has been, in a manner, well 
received, indicating the work has met with general approval. 
Th^ second edition has been. Carefully revised, and two chapters, 
one on Creamery Refrige^atip^^’ %nd one on “Economic Oper- 
ation of Creameries" have been added to meet an indicated 
demand, and the authors hope that this will justify the use of 
the book in our dairy schools, and also as a general reference 
book for those engaged in dairy pursuits. 

The authors believe that the subject of dairying should no 
longer be treated as a whole, and for this reason sucjfsubjects 
as Testing Milk and its Products, Dairy Bacteriology, Cheese- 
making, and Technology of Milk and its Products, have not 
been treated comprehensively in this work. In connection 
with the practical phase of butter-making the writers have 

m 
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oideavored to give such scientific information related to it 

as may be of interest and value. 

The scientific knowledge has been acquired from time to 
time through work done by various investigators at the different 
Experiment Stations. To all of these men who have searched 
for and discovered facts bearing upon dairying the authors 
wish to express their thanks and acknowledgment.. 

It may be added that the statistics and tables given in this 
work have been quoted from noted, reliable authorities, as 
indicated. 

The authors are also indebted to the following parties for 
the use of electrotypes: Mower-Harwood Co., and Cherry 
Bros., Cedar Rapids, la.; Creamery Package Co., Waterloo 
Cream Separator Co., and Iowa Separator Co., Waterloo, la.’ 
Vermont Farm Machine Co., Bellows Falls, Vt. ; Jensen Mfg. 
Co., Topeka, Kans.; Ox Fiber Brush Co., Davis Cream Sep- 
arator Co., Borden & Selleck Co., and De Laval Separator 
Co., Chicago, 111.; Wagner Glass Works, and J. H. Monrad, 
New York, N. Y.; Burrell & Co., Little Falls, N. Y.; Empire 
Cream Separator Co., Bloomfield. N. J.; Dairy Queen Mfg. 
Co., Flora, Ind.; Dairy Record, St. Paul, Minn., and W. D. 
Hoard, Fort Atkinson, Wis. 

G. L. McKay. 

C. Laksen. 
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BUTTER-MAKING. 


CHAPTER I. 

COMPOSITION OF MILK. 

Definition. — Normal milk is a liquid secreted in special 
glands of all females Ixilonging to the mammalian group. It 
is composed chiefly of water, proteids, fats, sugar, and minerals. 
Coloring-matters and gases and some organic acids are found 
in small quantities. 

All normal milk from the different classes of animals, such 
as mare, buffalo, goat, ewe, ass, and cow, has a general resem- 
blance in that it all contains water, fat, proteids, sugar, and 
ash. But milk from different animals varies in the relative 
proportions of its constituents. The chemical and physical 
properties are not alike. Human milk, when treated with 
half its volume of ammonium hydrate and the mixture kept 
at a temperature of 60 ® centigrade for about twenty minutes, 
assumes an intense red color. Cow’s milk turns faintly yellow 
if treated in the same way. This te^t was reported by Unikoff, 
of St. Petersburg, at the meeting of the Medical Section, Royal 
Academy of Medicine, in Ireland. The various kinds of milk 
also differ from each other in their behavior towards rennet. 
Richmond has divided milk into two classes: Class I includes 
milk from the ewe, buffalo, goat, and cow. When rennet is 
added to the milk from these animals, the casein coagulates into 
a firm curd. Class II includes human milk, milk of the ass, 
and mare. When rennet is added to the niilk of these animak, 
a soft curd or none at all is formed. The latter class seems 
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to include the animals without horns, while the first includes 
those with horns. 

As the cow’s milk is used chiefly as a food, it has been 
subjected to more extended and more careful investigalion 
than the milk of other animals, and, as a consequence, more 
definite knowledge has l)een obtained concerning its com- 
position, properties, and uses. The succeeding discussions 
have reference to cow’s milk, if not otherwise stated. 

Composition of Milk.— It is impossible to get accurate 
figun'S on tlie composition of milk, as each of Ih^ milk con- 
stituents is subject to fluctuation from various conditions, 
such as individuality of cow, breed, season of the year, lacta- 
tion period, milking, and environment. 

The average composition, as determined by 200,000 analyses 
reported by Richmond as follows: 


Water 87.10 

Fat 3.00 

Milk-sugar 4.75 

i - 4 f Casein 3 

Froteids 

Albumen 4 

Ash I 75 


The comi)osition of various kinds of milk is given by Konig 
as follows: 



No. of 
Aiitily- 

He.'t. 

Water. 

Fat. 

Ca»Hn 

and 

Albumen. 

Miik- 

augur. 

Ash. 

St>ecific 

Gravity. 

Human 

107 

87.41 

3 78 

2 29 

6.21 

.31 

1 0270 

Mare 

50 

90,78 

1 21 

1.99 

5.67 

.35 

l.(:347 

Bufla.o 

8 

82.25 

7.51 

5 05 

4 44 

.75 

1.C350 

Alt 

7 

89.64 

1.64 

2 22 

5.99 

.51 

1 .034J 

Cow 

793 

87.17 

3 69 

3 rn 

4.88 

.71 

1.C316 

Ewe 

32 

80.82 

6.86 

6 .'■,2 

4.91 

.89 

1.0341 

Goat 

38 

85'. 71 

4 78 1 

4 29 j 

4.46 1 

.76 

1.0328 

Sow 

8 

84 04 

4.55 

7 23 

3.53 

1.05 

1.038 

hitch 

28 

75.44 

9 57 ! 

11 17 

3.09 

73 

1 .035 

Elepiiant 

3 

79 30 

9.10 1 

2.51 

8.69 

.50 

i!03]3 

Hippopotamus. . . 

1 

90.43 

4.61 i 


4.40 

.11 


Camel 

3 

86.57 

3.07 i 

4 

5.59 

.77 

1.042 

Uama 

3 

86.55 

3.15 

3.90 

6.60 

.30] 

1.034 
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VariAtion of Total Solids.— As applied to milk, Total 
Solids,” is a term that includes fat, casein, albumen, sugar, 
and ash; in other words, all the milk constituents except the 
water. Solids Not Fat” is a term often used, and includes 
the casein, albumen, sugar, and ash, or, all the milk constituents 
except water and fat. ” Serum ” is a term used to designate all the 
milk constituents except the fat. The fat is the most valuable 
constituent of the total solids. The variation in the total 
solids of milk during the summer months is shown in the table 
quoted below from Dr. Van Slykc of Geneva, New York: 


Month. 

Per Cent 
of Water. 

Per Cent «»f 
Total SoUd*. 

May 

... 87.44 

12 ,’X) 

Juno 

... 87 31 

12.69 

July 

... 87.52 

12 48 

August 

... 87.37 

12.63 

Scpten)l)er 

... 87 

13 

October 

... 86.55 

13.45 


Dr. Van Slykc also studied the effect of the lactation period 
upon the total solids in milk. A herd of fifty cows, calving 
in different months of the year, was used in the experiment. 
The per cent of total solids of this herd seems to average a 
little high all through the ten months. The total solids were 
found to be 14% during the first month, decreasing to 13.47% 
during the next two months, then gradually increasing with the 
advance of the lactation period. In the tenth month the average 
total solids was 14.83%. Pingree, of Pcnasylvania, reports 
having found normal milk from a cow, which contained 17.01% 
total solids. Sherman* reports a very high average total of 
the milk solids. He treated the milk from thirteen cows, 
and found it to contain on an average 18.03% of total solids. 
Konig reports a minimum of total solids of 9.31%, a maximum 
of 19.68%, and an average of 12.&%. The average total 
solids quoted above from Richmond is 12.90%, which agrees 
closely with Xonig’s results. 


* Joum. Am. Cbem. Soe. 
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The difference in total solids of milk from some of the 
leading breeds has also been studied by Dr. Van Slyke, and 
the results are as follows; 


Breed. 

Per Cent 
of Water. 

Per Cent of 
Total Solids. 

Holflteia 

... 88.20 

11.80 

Ayrshire 

... 87.25 

12.75 

Shorthorn. ... 

... 85.70 

. 14.30 

Devon 

... 85.50 

14,50 

Guernsey 

... 85.10 

14.90 

Jersey 

... 84.60 

16.40 


The maximum and minimum amounts of total solids men- 
tioned above are abnormal cases. Tlie normal variations of 
the solids in milk are within comparatively narrow limits. 
For this reason the minimum standard for total milk solids, 
in states where dairy laws are in force, is fixed by law. Usually 
12% is the minimum. 

Water. — From what has been said above concerning the 
total milk solids, it will be seen that water constitutes by far 
the largest portion of milk. It is quite uniform, and in milk 
from a mixed herd the water seldom falls below 86% and 
seldom exceeds 88%. Variations ranging from a little less 
than 80% to a trifle over 90% are on record. But such varia- 
tions must be looked upon as occurring in only a very few special 
cases. 

It has often been asserted that cows in the spring of the 
year, when they are pasturing on new grass, or feeding on other 
succulent foods, yield milk which contains an excess of water. 
Under such conditions there is a tendency for cows to pro- 
duce milk with a water content a trifle higher, as has already 
been shown by the figures quoted from Dr Van Slyke. As a 
rule this is much overestimated. It is even a common occur- 
rence to hear creamery ''operators say that their ''soft” or 
"slushy” butter, in the early spring, is due to the excess of the 
water present in the milk. Ibis particular phase will be dis- 
cussed further under the heading of " Fats in Milk." 

Ibe question has often been raised: Is the water in milk 
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the same, or any more valuable than water obtained from 
other natural sources? The water in milk, so far as known, is 
transuded from the blood-vessels in the udder into the milk 
glands. It is so perfectly mixed with the other milk con- 
stituents, and holds the milk solids in such perfect emulsion 
and solution that it would seemingly be impossible to prepare 
milk so perfectly by artificial means. However, a substance 
is prepared by Jacob C. Van Markcn, Neuweid, Germany, 
which, when added to water, produces a substance similar in 
appearance to watered skimmed milk. The preparation is 
named ''Kalberrahm Vita.” The first name literally means 
calf-cream. It has a syrupy consistency, and in appearance 
resembles light-brownish mola&ses. It is sold in tin cans, and 
recommended liighly for calf-feeding when mixed with skimmed 
milk. Wlien mixed with water, it is recommended highly for 
hog-feeding. 

Water distilled from milk has the same appearance as ordi- 
nary distilled water. It is clear and colorless. The chemical 
reaction when phenolphthalein is used as an indicator, is neutral, 
the same as that of ordinary distilled water, even when dis- 
tilled from milk in which acid has developed. But there is 
a considerable difference in the taste and smell. This indi- 
cates that some of the volatile sul)8tances are distilled over with 
the water. The probability is that these flavoring substances 
are so closely associated with water in milk that they are in- 
separable, and that the only place where tliis water can be 
prepared so as to assume these qualities is in the cow's udder. 
The conclusion would then be that the water in normal cow's 
milk cannot be distilled and substituted again by natural 
water and the product retain its normal good flavor. 

Fat in Mil£. 

This is by far the most important constituent of milk, 
especially to creamery operators. It exists in the milk in sus- 
pension, in the form of globules so small as to be invisible 
to the naked eye. According to the best authorities, fat- 
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globulesi at ordinary living-room temperature, are present in 
milk in a liquid form. Cooling the to a very low tern- 



Pio. l.-->Mierotcopical appearance of different kinds of milk. 

wO timee. (U. S. Farmers’ Bui. No. 42 .) 

perature (about 50® F.) hardens them. When the globules are 
caused to umte, as in churning, they also solidify. 

Ihe sise of the fatrglobules is veiy minute, and varies con- 
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fflderaMy, according to breeds, individual cows, and the stage 
in the lactation period. The globules in the milk from the same 
cow also vary a great deal. IJoyd found that fat-globules in 
Jersey milk to be from 8 to 12 micro-millimeters in diameter. 
Very few were less than 4 micro-millimeters (a micro-milli- 
meter is tAtt millimeter, or an inch). The majority 

of the fat-globules in milk from Shorthorn cows measured from 
6 to JB micro-millimeters in diameter. According to Flcisch- 
man&, the size of fat-globules varies between 1.6 rnicro-milli- 
meterfi and 10 micro-millimeters in diameter. A Danisli in- 
vestigator maintains that the diameter of fat-globules is 
between .0063 and .00014 millimeters, and that 1 cubic centi- 
meter of milk contains from 2.6 to 11.7 million globules. He 
also asserts that a reflection of the light nmders it very diflicult 
to get the proper size of the fat-globules, as the light tends to 
make the globules appear larger than they are in reality. 

It has been maintained by some that the larger fat-globules 
contain fats which are different from those contained in the 
smaller globules. But this is by some investigators considered 
to be a matter of conjecture. Most authorities now Ix^licve 
that there is no difference in the kinds of fat of the different- 
sized globules, even though some experiments * show that fat 
composed of larger globules has a finer flavor, and a little more 
oily appearance. 

From what has been said, it will be seen that the minute- 
ness of the fatrglobules is almost inconceivable, lliey were 
first discovered in 1697 by A. von Leeuwenhoek. The minute 
state of division, or the form of emulsion in which they exist 
in milk, renders it easy to digest when consumed as a food. 

Properties of Fat— The specific gravity of pure butter-fat 
at 15® centigrade is .93002. The refractive index of butter- 
fat at 22® centigrade is on an average 1.459. The melting- 
-point of pure butter-fat, as now determined, varies between 
32® and 37® centigrade. (90® F. and 99® F.) 


* Gcobloux, Belgium, Creamer}' Jo., London, No. 8, Vol 1. 
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When pure butter-fat is rapidly cooled, it solidifies into On^ 
solid mass; but if allowed to cool gradually, part of it solidified 
and part of it remains a liquid longer than other parts. This 
seems to indicate that some fats with a high melting-point 
separate out from the fats with a low melting-point. This 
behavior of pure butter-fat is not well understood, as it con- 
tradicts the now accepted theory that the different fats are 
in chemical combination with each other, rather than , a me- 
chanical mixture of different glycerides of fat. 

Glycerides of Fat— By this term we understand that? the 
fatty acid radicals arc in chemical combination mth the glycerol 
(glycerine) radical, thus: 

Fatty acid radicals. 

Glycerol radical. C4H7O2 (Butyric) 

Calls C18H33O2 (Oleic) 

C18H33O2 (Stearic) 

The chemical formula for glycerine is: 

Hydroxyl groups. 

Glycerol radical. OH 

C3H5 OH 

OH 

Comparing these two formulas, their difference and simi- 
larity are easily observed, and the reason why the term “Gly- 
ceride of Fat ’’ has been applied to such a compound is evident. 

Condition of Fat. — Whether the fats in milk exist in chem- 
ical combination, or whether they exist as glyceride of butyrin, 
stearin, olein, etc., in the form of a mechanical mixture, is a 
quMtion in dispute. If they exist in the latter form, the com- 
position of the different. fats must be thus: 


Butyrin. 

Olein. 

Stearin. 

C4H,Oa 

O18H83O2 

CieHflsOa 

C,H* C 4 H A 

CsH* CisHsjOa 

CsH* CigHsjO* etc., 

,C4H/)j 

, CisHssOa 

CigHagOa 
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and the total fat made up of a mechanical mixture of these 
and the remainder of the fats in butter-fat. 

Richmond and other authors believe that fat probably exists 
in chemically, as first mentioned and illustrated; because, 
if the fat were a mixture of glycerine tributyrate with other 
glycerides of fat, butyrin or glycerol tributyrate could be 
dissolved out by the use of alcohol. But this is not the case. 
Moreover, if butyrin existed separately in milk, it would be 
possible to distill it off under reduced pressure. This cannot be 
done. • 

Theory in Regard to Films Enveloping Fat-globules.— The 

extreme minuteness of the fat-globules in milk renders it almost 
impossible to determine by direct microscopical observation 
whether there is a membrane around each globule or not. 
Fleischmann and Lloyd assert that, so far as they were able 
to detect, there is no real membrane surrounding each globule. 

The theory generally accepted in the past was that the 
only film surrounding the fat-globules was simply due to sur- 
face tension, or to the fact that the molecules of the fat have 
a greater attraction for themselves than they have for the 
molecules of the serum, in which they are held in suspension. 
In support of this two thing.s are considered: 

(1) The natural milk-fat may be removed from milk and 
artificial fat substituted in its place. The resultant milk has 
characteristics similar to milk containing normal fat; that 
is, the emulsion wliich milk forms with the artificial fat is ap- 
parently like that formed with the natural fat. 

(2) If there were a special albuminous membrane around 
each fat-globule, cream should contain a higher percentage 
of albuminoids than milk. This, Richmond maintains, is not so. 

Dr. Storch concludes from extensive researches that there 
is a gelatinous membrane enveloping the fat-globules. His 
conclusions are based mainly upon the first three reasons 
given below. The other facts mentioned also support his 
conclusions' 

(1) When milk has been stained with ammoniacal picro- 
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carmine, and the cream washed with water until it is free 
from milk-sugar, a stained layer is present around each globule. 

(2) He has succeeded in isolating this gelatinous substance 
from cream and butter. Owing to its existence in these two 
substances, he assumes that it is also present in milk. 

(3) When ether is added to milk, the fat globules dissolve 
with difficulty, unless some alkali is added to the milk first. 

(4) Bichamp maintains that when ether is added to milk 
the fat-globules are enlarged due to the ether passing through 
the supposed membrane by the process of osmosis. He con- 
siders this fact sufficient to prove that there is a membrane 
encircling each globule. 

(5) Butter containing 85 to 86% fat is asserted by Rich- 
mond to have the same consistency as cream containing about 
72% fat at the same temperature. The solidity of butter 
is due to the close proximity of the fat-globules. Now, if 
cream with less fat has the same consistency as butter, the 
proximity of the fat-globules must be equal to that of the 
butter; this would indicate that there is a membrane and 
tliat this membrane increases the size of the fat-globules. 

(6) Th^ fact that cream separated by centrifugal force is 
more easily churned than cream of same richness separated 
by gravity methods, would also be explained if the fat glob- 
ules in milk had such a membrane surrounding them. 

This membrane, or what is believed to be a membrane, 
Storch has isolated and analyzed. He finds it to consist of 
94% of water and 6% of proteid. 

The reasons deduced by Storch are strong; and the behavior 
of cream and butter renders it probable that there is such a 
membrane enveloping each globule of fat. 

Classes of Fats. 

There are two great classes or groups of fats present in the 
butter, namely: 

(1) Volatile and Soluble, 

(2) Non-volatile and Insoluble, 
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It was previously stated that little is known concerning 
the way in which the fatty acids are co mbined with glycerine ^ 
in the milk; but, for the sake of convenience, the fats will be 
referred to as if they exist as separate glycerides of fat. 

The terms Volatile '' and “ Non-volatile ” are applied 
to the glycerides of fat, or to the fats as they exist in butter. 
Strictly speaking, this is not proper, as they do not assume 
the volatile characteristics until the glycerine separates from 
the fatty acids; it is only then that the latter becomes volatile. 

Volatile Fats.— The first group, or the volatile fats, include 
butyrin, caproin, caprylin, caprin, and laurin. Butyrin is the 
one present in the largest proportion. Laurin and caprin are 
partially non-volatile. Butyrin is the most important fat 
belonging to the volatile group. It is the ino^t important 
quantitatively, and also qualitatively. So far as is known, 
butyrin is the least stable of any of the butter-fats. Under 
normal conditions, so long as the fatty acid remains in com- 
bination with the glycerol, it is not volatile nor soluble in 
water but as soon as separation takes place, due to the action 
of jnicro-organisms, or to the effect of light and air, then it 
beco.nes volatile, and escapes in the form of gas. According 
to the ma.ss of evidence, these factors are the cliief causes of 
rancidity in butter. 

It is also claimed that these volatile fats have the spKJCial 
properties of absorbing odors and gases to a greater extent 
than any of the other fats. This absorption takes place when 
fat comes into contact with the undesirable taints. For this 
reason it is essential that milk, cream, or butter l)e kept away 
from any foreign undesirable odors. These undesirable tainte 
may also be imparted to the fat before the milk is drawn. 
If the cow is fed on undesirable food ^ch as turnips, onions, 
garlic, etc., the milk from the cow assumes undesirable char- 
acteristic flavors, which cameasily be recognized in the finished 
product. On the other hand, such foods as well-cured sweet- 
.dover hay, and bran, seem to impart desirable flavors to 
ynjll^ and butter. 
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The presence of these volatile fats in butter is quite uniform, 
and is a distinguishing feature of pure butter-fat. The detec- 
tion of adulteration of butter with foreign fats is based chiefly 
upon the presence of these volatile fats. The characteristic 
desirable flavor of butter is also believed to be due to the pres- 
ence of the volatile fats. The volatile fats vary but slightly 
during the different seasons of the year. They are present 
in the greatest proportion during the spring and early summer 
months, when cows are fed on grass, and also during the early 
stage of the period of lactation. They decrease griadually 
as the lactation period advances. 

About 8% of the total fats in milk is volatile fats. 

UTon-volatilc Fats.— This group constitutes about 92% of 
the total fats in butter. Chemists now agree that palmitin, 
stearin, olein, and myristin are the most important ones to 
be considered, as will be seen from the table quoted from Rich- 
mond. 

These non-volatile fats are of special importance, as the 
relative amount of each of these fats largely causes the varia- 
tion in the hardness and softness of the butter and butter-fat. 
The melting-point of these different fats varies according to 
the different investigators: olein is a hquid at ordinary tem- 
perature and melts at about 41® F.; stearin, on the other hand, 
has a melting-point of about 150® F. ; palmitin also has a high 
melting-point, namely, about 142® F. ; myristin melts at about 
129® F. 

Olein has been found to be present in the greatest pro- 
portion during the spring, when cows are fed on grass. When 
cows are fed on normal dry food, as in the winter time, it is 
present in a much less degree. This, together with the small 
increase of volatile fats, is the cause of the softer butter so 
frequent in the spring. The hardness of the butter in the 
fall or winter is due chiefly to the presence of a slightly increased 
amount oi the fata, with a high melting-point, as mentioned 
above. 

From what has been said above, one is led to believe that, 
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by melting a sample of butter wliich contains these different 
fats, the fats with a low melting-point would melt first, and 
leave the remainder in an unmelted condition. Such is not 
the case. Butter-fat in this respect behaves a good deal like 
different metals with different fusing-points. When they are 
melted and mixed togetlier, cooled and then renielted again, 
they assume a common melting-point. It is the same way 
with butter-fat. It melts at a temperature of 91® to 
96® F. ’ 

As the body temperature of cows (about 101® F.) is above 
this temperature, the fat globules are present in the milk in 
liquid form w'hen milk is first drawn. A ix^culiarity about 
these fat-globules in milk is that the milk and fat may be cooled 
down below the melting-point of the fat of butter without 
the fat-globules in milk being solidified. It requires a tem- 
perature of between 60® and 78® F. before the fat-globules 
in milk begin to solidify. When these small fat-globules are 
caused to unite, as during the churning process, they solidify 
at higher temperature. This behavior of the fat in milk evi- 
dently must be due to a relative change in the position of the 
molecules of fat during the process of cooling and warming. 
No definite explanations, so far as is known, have been given 
for this condition of the fat. 

The non-volatile fats found in butter-fat are practically 
the same as those found in other animal fats. 

Composition of Butter-fat. — In his “ Dairy Chemistry,'' 
llichmond gives the following composition of butter-fat, repre- 
senting the mean results obtained by different observers: 


At 


8% Volatile. 


,9^ Non-volatile 


Butyrin 

... 3.85% 

Caproin 

... 3.80% 

Caprylin. 

... .55% 

Caprin 

... 1.9% 

Laurin 

... 7,4% 

Myriatin 

... 20.2% 

Palmitin 

... 25.7% 

i Btearm 

.... 1.8% 

I Ohin 

.... 35% 
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Bichmond also gives the percentage of glycerine and fatty 
acids in each of the different fats, as follows: 


Butyrin. 

• 3.85% yielding 3 43% fatty acids and 1.17% glycerine 

Caproin, . 

. 3.60 

“ 3.25 

< < 

“ .86 

<4 

Caprylin. 

. .55 

“ .51 

ft 

.10 

14 

Caprin. . 

. 1.9 

“ 1.77 

ft 

.31 

tt 

Laurin. . 

. *7.4 

“ 6.94 

ft 

“ “ 1.07 

it 

Myristin. 

. 2) 2 

“ 19.14 

ft 

2.53 

it 

Palmitin . 

. 25.7 

“ 24.48 

ft 

“ •' 2.91 

it 

Stearin. . 

.. 1.8 

“ 1.72 

ft 

“ “ .19 

tt 

Olein. . . . 

. 35 

“ 33.60 

ft 

“ “ 3.39 

tt 


100 

94.84 


12.53 



Proteids (Albuminoids). 

The proteids of milk are present partly in solution and 
partly in suspension. They are present in a very complex 
chemical form. Some of the chemists reckon as many as 
eight different albuminoids or proteids in milk. Duclaux 
claims that there are only two kinds of albuminoids, the coagit- 
lable, and non-coagulable casein. He has, by the use of a fine 
filter, been able to separate the fat and the coagulable from 
the rest of the serum. The amount of coagulable casein is 
claimed to vary considerably, and seems to depend upon the 
amount of lime phosphate present. The filtrate which Duclaux 
obtained from filtering the milk was clear and colorless, which 
proves that the removal of the casein was quite complete.' 
In order to remove casein from milk, a special filter (Chamber- 
land) is employed. Owing to this fact, we may consider the 
casein to be present in saspension or semi-solution. Noted 
chemists, such as Babcock, Van Slyke, Duclaux, Storch, Ham- 
marsten, Ritthausen, and Richmond, disagree upon the num- 
ber of albuminoid substances found in milk, and upon the 
chemical behavior of each. 

For all practical purposes it is safe to mention two, namely, 
(1) casein, and (2) albumen. Those two substances, as all 
agree, are present in milk, and constitute practically all the' 



COMPOSITION OP MILK. 




albttizuiKHd& in milk. . But after these two have been sepmted 
from iulk a slight precipitation can be obtained by treating 
the fiJb^te with alcohol. This has been called albumoee and 
also lactoglobulin. From this resultant filtrate can again 
be separated a very small amount of material containing 
nitrc^n. Dr. Babcock has obtained a substance from milk 
called fibrin. These latter substances, however, are present 
in minute portions, and are believed by some of the best scien- 
tists to be the same as the albumen, and their presence in the 
filtrate is due to incomplete precipitation of the aibumen in 
the first place. 

Casein.— Casein is by far the most important of all of the 
albuminoids. It is the substance which forms the curd in 
cheese-making. In fresh milk, as is now understood, it is in 
chemical combination with lime salts. It is on this account 
that fresh milk shows the amphoteric reaction, which will be 
explained under the “ Properties of Mi k.” The coagulation 
of casein by the addition of rennet or dilute acids is thought 
to be due to this union between the casein and lime. Fleisch- 
mann refers to this as the “ caseous matter of milk. The 
viscosity of normal milk is b(*lieved to be due in a large meas- 
ure to this condition of casein in milk. It causes the casein 
to be present in a colloidal condition. When milk coagu- 
lates by natural or by artificial means, the union between 
the casein and lime phosphate is largely broken. 

Casein and albumen differ in composition, in that the casein 
contains phosphorus and less sulphur than does albumen. 
Fleischmann maintains that a substance called nuclein is 
associated with casein, and is not found in albumen. 

Casein is precipitated by the use of rennet and dilute acids, 
and coagulates spontaneously, due to the acid formed in the 
milk. T^e precipitates formed by the use of different pre- 
cipitating agents are not alike. The curd coagulated by ren- 
net contiuns more fat and calcium phosphate than the curd 
does which is precipitated by dilute acid or soured spontar 
neoudy. If milk stands at w temperature for any length 
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of time after milking, the caseous matter (or the mtrogenous 
matter combined with lime) tends to separate. The caseous 
matter of milk is not completely precipitated by heat, although 
heat partially destroys the union between the casein and lime. 
This destroys the action of rennet. Instead of getting a smooth 
solid coagulum, a more flaky precipitate is obtained. For this 
reason milk for cheese-making should not ^Jbe heated to a high 
temperature. By heating milk in a glass flask to a high tem- 
perature, and letting it stand for a time, it will be found that 
a mineral precipitate has settled to the bottom. This pre- 
cipitate is believed to be a lime phosphate, which, previous 
to heating, was combined with the casein of the milk. By 
adding calcium chloride (CLCI 2 ) to milk which has been heated, 
its normal condition towards the action of rennet is again 
restored. 

Albumen. — If the casein is removed from the milk by 
precipitation, and then filtered off, the filtrate will contain a 
substance which will precipitate when boiled. . This is albumen, 
and is similar in character to albumen from the white of an 
egg. It differs from casein in that it is not precipitated by 
rennet or acids, but precipitates on heating. It does not 
contain any phosphates, but contains a comparatively large 
amount of sulphur. 

As the albumen is soluble in rennet and dilute acids, it 
can readily be seen that it is retained in the whey obtained in 
cheese-making. When albumen is present in small quanti- 
ties, as it is in normal milk, heating does not completely pre- 
cipitate it, unless the casein or curd is first removed. If, on 
the other hand, albumen is present in excess, as is the case 
in colostrum, the major portion of the albumen is precipitated 
when heat is applied, wthout first removing the casein. 

Sugar.— Milk-sugar occurs in milk to the extent of about 
5%. It varies very little in quantity, seldom falling below 
3^% and seldom rising above 5J%. It occurs in solution, 
and is found in no other place in nature. 

Milk-sugar is the most unstable component of milk. It 
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quiddy and easily decomposes. This decompositioii is caused 
by micro-organisms. If these could be entirely excluded 
from the miUc, it would keep for an almost indefinite length 
of time. As it is impossible under practicable conditions to 
entirely exclude organisms from the milk, the only way in 
which the growth of germs can be retarded and prevented, 
and thereby prevent the changing of the sugar into other 
products, is to cool the milk to a low temperature ( 50 ° F.), 
or to heat the milk to a sufficiently high temperature ( 180 ° F.) 
to destroy most of the germs. According to Van Slyke and 
Hart, the decomposition of the caseous matter produces free 
casein. When about . 5 % acid has developed in the milk, 
the free casein combines with the acid and forms casein 
lactate. 

The chemical composition of milk-sugar is C12H22OH -(-H2O. 
When a perfect decomposition of milk-sugar into lactic acid 
takes place, the following equation would represent the 
change: 

(Milk>sugar) (Lactic acid) 
Ci2H240i2~4C3H603, 


Such an ideal change, however, never takes place. In 
such a case, one gram of milk-sugar should produce one 
gram of lactic acid. In a number of experiments carried 
on by one of the authors of The Analysis of Cream During 
Different Ripening Stages,” ♦ the highest amount of acid 
produced from one gram of milk-sugar was .8 of a gram. 
This indicates that there are always accompanying by-products 
produced, besides lactic acid, when milk-sugar is being decom- 
posed in cream or milk. The sourness of milk is due to this 
change. The by-products which accompany the production 
of lactic acid are many and various. The most important 
ones are gases of different kinds, such as carbonic acid gas 
(OO3); marsh gas (CH4); hydrogen (H); and nitrogen (N). A 


* Theiif I 8. C., Ames, la 
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small mnomt of alcohol, formic, acetic, and wccinic acitfe $j^ 
said to be normal accompanying by-products also. These 
by-products may also partially result from the breaking down 
of some of the other milk components. 

As milk-sugar is in perfect solution, it follows the water 
of milk, and in cheese-making nearly all of it passes into the 
whey. Commercially and chemically it is prepared from 
whey. It is a white, not very sweet powder, and is used for 
medicinal purposes to dilute pure, powerful drugs. It is also 
used extensively in the preparation of modified milk. 

Ash.— -The ash of milk is present in very small quantities, 
and when viewed from such a standpoint it may first seem 
to be of small importance. On account of the effect of the 
mineral constituents upon the properties of milk, it is one 
of the most important components of the milk. It consists 
partly in solution, and partly in suspension. Babcock main- 
tains that about one-third of the usual ash constituents is in 
suspension, and that they consist chiefly of lime phosphate. 

All of the minerals in milk consist chiefly of potash, lime, 
soda, magnesia, and iron, combined with phosphoric, hydro- 
chloric, sulphuric, and carbonic acid. Calcium phosphate 
constitutes about one-half of all the ash constituents. They 
are named above, in order, according to the extent in which 
they occur in milk. 

Gases of Milk.—These do not normally exist in milk to 
such an extent as to enable chemists to determine them quan- 
titatively, but they are of great importance, owing to the 
effect they have upon the quality of the milk, viewing it in 
the commercial sense. 

Gases in milk may be divided into two classes according to 
their origin; namely, (}) those imparted to milk before milk- 
ing and (2) those which are formed and absorbed in milk 
later. 

(1) When freshly drawn milk has a characteristic cowy 
smell, wMch seems to be normal to ail fresh milk. These 
gases are very volatile, and by cooling and aerating milk (differ- 
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mt procesaes of which are now in use in this country) these 
gases can, to a large extent, be eliminated. Hie amount and 
•kind of taints existing in milk, immediately after it has been 
drawn, largely depend upon the food which the cow has been 
fed. Turnips, onions, and garlic, when fed to cows a short 
time before milking, cause undesirable gases or taints to exist 
in the milk. Good sweet hay, bran, and good grass are said 
lo produce milk of superior quality, and containing no bad 
taints, except the cowy or animal taste, which is natural to 
all milk when first drawn. 

The milk yielded by cows pasturing in the Alps of Switzer- 
land is said by tourists to possess a peculiar, not undesirable, 
spicy odor and flavor. It is maintained by the native people 
in Switzerland that the peculiar flavor of the Emmanthaler 
clu esc cannot be developed anywhere else in the world. This 
flavor they befieve to be due to the kind of vegetation the 
cows feed upon in the Alpine pastures. In Denmark, the 
poor people who do not own much land, graze their cows along 
the roads where weeds of different kinds grow. Milk from 
such cows has a peculiar characteristic odor or taint. In this 
country it is a common occurrence to find that milk delivered 
by patrons who keep their cows on timber-land pastures has 
a peculiar weedy odor. Especially is this true in the fall or 
late summer. These flavors are somewhat difficult to remove 
by the ordinary process of aeration. By heating such milk 
to 160 ° or 180 ° F., and stirring occasionally, most of these 
taints pass off. An addition of a small amount of saltpeter 
also improves it. 

Too much emphasis cannot be placed upon the food that 
the cows receive. While it is true that much of the desirable 
aroma and flavor in butter are due to bacterial growth, the 
kind of food fed to cows is not without significance. It is 
a well known fact that districts such as Normandy and 
Denmark, which have become famous for their high quality 
of dairy products, have the best of pasture and winter 
feeds. 
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BeeideB the kind of food, some physiological disturbances 
of the cow may cause abnormal taints in milk. 

(2) Gases or taints which are formed in the milk or absorbed 
by the milk are due to fermentation and absorption respectively. 
The fermentation cause will be considered in a separate chapter, 
and the latter cause needs little explanation. It is a well known 
fact that milk, o^ any of Its products, has the special property 
of absorbing odors which may be present in the surroundings 
of milk. For this reason, milk, as well as other dairy products, 
should at all times be kept in clean utensils and pure surround- 
ings. 

Abnormal taints appearing in milk immediately after 
milking are due to absorption within the cow. Taints that 
develop on standing are due to bacterial growth in the milk, 
or to absorption from impure surroundings. In removing 
undesirable taints from milk the first step is to remove the 
inciting cause, and the second to cause as many of these taints 
as possible to escape by a process of aeration or pasteurization. 

Coloring-mattcr.~It is not known of what the coloring- 
matter in milk consists. A substance named lactochrome 
has been found in milk. So far as known, this coloring-sub- 
stance is closely associated with the fat called palmitin. The 
amount of coloring-matter varies during the different seasons 
of the year. It also varies according to the different breeds. 
During the spring of the year, when cows are first put on grass, 
the color of the butter-fat is always higher than it is during 
the latter portion of the summer. During the winter, the 
fat in milk is quite pale. By feeding the cows some succulent 
feed in the winter, such as silage, carrots, and beets, the color 
of the butter-fat becomes much higher. 

From this it would seem that the change in the color of 
the fat with the different seasons, and the food fed, is closely 
associated with chlorophyl, the coloring-matter of grass. 

Other Constituents of Milk. — It is said that constituents 
such as citric acid, urea, nuclein, lecithin, and galactase are 
present. Babcock maintains that he has discovered a sub- 
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stance named fibrin. This seems to be similar to the nuclein 
mentioned by Fleischmann, if not the same. But as these 
substances are present to a very small extent, citric acid, urea, 
and fibrin being present to the extent of .12, .007, and .0002% 
respectively (Fleischmann and Babcock), they are of little 
importance. 
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CHAPTER II. 

MILK SECRETION. 

The Mammary Gland as a Secretory Organ. — The mam- 
mary gland of females belonging to the order of mammalia, 
secretes a fluid known as milk. This substance is strictly a 
secretory product. There are two kinds of- glands present 
in the animal body; viz., the excretory and the secretory. Gen- 
erally speaking, an excretory gland is one which receives or 
absorbs the waste matter of the body, and causes it to be 
carried off without causing any marked change to take place 
in the substance excreted. A secretory gland is one in which 
the raw material is obtained from the blood and then manu- 
^ factured into a special different product within the gland 
itself. As an example of a secretory gland, the milk-gland 
of the cow’s udder is an apt illustration. The glands in the 
mouth secreting saliva, and those in the walls of the stomach 
secreting the digestive fluids, are also secretory glands. 

Internal Structure of Cow^s Udder. — The cow’s udder is 
composed of two separate glands, the right and left halves. 
These two glands are distinctly separated from each other 
by a fibrous tissue running longitudinally. This fibrous par- 
tition extends along the abdomen in front, and back to a point 
between the thighs of the cow. It also serves to hold the 
cow's udder in place. There is no connection at all between 
the right and left gland, and consequently milk cannot be 
drawn from the left side over to the right, and vice versa. 

Each of these right and left halves is again divided into 
two parts, thus making the cow's udder appear in quarters, 
llie cow's udder may then be said to consist of two glands 
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on the light ade, and two on the left ride. Hie divirione 
between the two glands on the ride are not entirely complete. 
Tliat is, there is enough connection between the two glands 
on the same ride to allow a portion of the milk to be drawn 
from the rear teat to the front teat on the same ride, and from 
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the front teat to the rear teat. The tnilk-glands proper are 
located near the abdomen and extend downwards into the 
ndder a trifle. The remainder of the udder is filled with ducts, 
fibrous and connective tissue, muscle, nerves, and blood-vc^ls, 
'the whole udder assuming a sort of spongy and open condition. 
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The teat is amply a cylindrical-shaped body, with a hollow 
tube extending down through the center of it. At the bot- 
tom of this opening, or at the end of the teat, there is a sphincter 
muscle. This muscle in some circumstances is drawn up very 
tight, while in other instances it is so loose that it will not guard 
the milk from escaping. In case the muscle is so tight that 
the milk can be drawn only with difficulty, it may be relaxed 
a trifle by entering a small, smooth wooden plug. This will 
usually dilate the opening sufficiently, so that the milk may 
be drawn with comparative ease. In some instances tliis 
muscle is so tight that it is necessary to relax it by the use 
of a sharp knife. This, however, should be done with sur- 
gical skill; otherwise the whole muscle is likely to be so injured 
as to cause the milk to leak away at all times. 

The upper part of this canal in the teat connects with 
what is called the milk-reservoir. The size of this reservoir 
varies in different cows. The average capacity of this milk- 
cistern is about one pint. The opening from this reservoir 
into the teat is also guarded with a muscle. Over this muscle 
the cow has little control. Over the muscle at the lower end 
of the teat the cow has no control whatever. 

Opening into the sides and top of this reservoir is a large 
number of tubes, which are called milk-ducts. These milk- 
ducts extend from the reservoir up into the milk-gland. They 
radiate in all directions, divide and subdivide, so as to form 
a very large number of small tubes. These milk-ducts are 
surrounded with fibrous muscular tissue, nerves, and blood- 
vessels. They are all guarded by a special muscle at the 
junction to the main milk-ducts, from which they radiate. 
These muscles are so intimately connected with the nerves 
and muscular system of the cow that she is able to open and 
close them at will. There are very few cows that are not 
able to hold up their milk during nervous and exciting periods. 
It is a common occurrence for a milker to get only a small 
part of the milk from a cow. This small amount is the portion 
which is p^nt in the teat and milk -reservoir. Some cows 
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ire able to hold up this milk also, but the majority of cows 
cannot perfectly control the muscle which guards the en- 
trance to the teat. The milk which is present in the milk- 
ducts and which has to pass through these junctions referred 
to above, can be held up by most cows at will. 

All of these small milk-ducts end in small sack-like bodies. 
Each of these dilated portions is called the gland-lobule 
or ultipiate follicle. These gland-lobules enclose numerous 
individual microscopical bodies called alveoli or acini. These 
alveoli ’constitute the organs which possess the proper secre- 
tory functions. These alveoli are lined on the outside with a 
membrane called the tunica propria. Next to this membrane 
is a layer of cell-tissue. The inside layer is composed of cells, 
which are named the epithelial cells. These epithelial cells 
within the alveoli are supplied with blood from the cow’s 
system. During lactation they assunjc a different form. 
When the cow is yielding milk abundantly, these cells swell 
and extend into the cavity of the alveoli. When the cow is 
not in milk these alveolian cells become flat. A certain number 
of alveoli is tributary to one particular duct leading from the 
gland-lobule into still larger milk-ducts. 

Each aggregation of gland-lobules, tributary to one milk- 
cistern, constitutes a lobe, and may be likened to a side branch 
of a bunch of grapes. Each separate grape may represent 
a gland-lobule. The seeds within the grape, if we imagine each 
seed to be hollowed out and lined with small column-like 
bodies, may be likened to the alveoli. These column-like 
bodies would then represent the epithelial cells. The stem 
leading from each individual grape may represent the small 
duct which carries the milk on to the larger ducts. The mmn 
stems of the bunch may represent the larger ducts that enter 
into the milk-reservoir. The air whict everywhere fills the 
openings or interstices of the various parts of the bunch of 
grapes may be likened to the fibrous fatty tissue between the 
alveoli and the lobules of the gland. ^ 

Theories of Mitk Secretion.— Although the theories of milk 
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secretion have been studied conaderabJy, many tbu^ in tbm^ 
comection are not well understood. Previous to the year 
1840 it was thought that the only function of the milk-gland 
was to niter the milk as it transuded from the blood. It was 
supposed that the quality and quantity of milk depended 
entirely upon the food. The theory has also been advanced 
that the major portion of the milk constituents was a decom- 
position of the product of the lymph bodies of the blood. It 
was believed that the lymph bodies were a source of nourish- 
ment to the foetus, and that the calf received its nourishment 
from the same source after it was born as it did previous to 
birth. It was supposed that after the birth of the calf the 
opening on the uterus through which the food was supplied 
was closed, and that a new opening was formed in the milk- 
gland. These two theories have now been practically over- 
thrown. It has been demonstrated that the major portion of 
the milk is formed within the milk-gland. The fat, casein, 
milk-sugar, and part of the albumen are supposed to be formed 
in the udder. This conclusion is substantiated by the fact 
that these substances do not appear in the blood, at least not 
to such an extent as to warrant the assumption that they are 
not manufactured in the cow’s udder. The total amount of 
fat in the blood of the cow would not equal the fat in the milk 
from one milking. 

By some it is maintained that the substances in milk which 
are found in solution may be transuded directly from the 
blood. Here again milk-sugar is found to be in perfect solu- 
tion in the milk, but this substance can be found nowhere in 
nature besides in milk. It Is not present in the blood of the 
animal, consequently it must be manufactured within the 
gland itself. Tlie water of milk, and the ash constituents which 
are in solution, are probably transuded directly from the blood. 
No attempts have been made to determine definitely how 
casein and albumen are formed within the gland. 

The theory advanced for the formation of fat is, that the 
epithelial cells break down and form fat. When the breaking- ‘ 
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down process is completed, the transformed cells appear at 
the opening of the alveoli in the form of distinct fat-^obules. 
This is supposed to be the origin and formation of fat-globules 
in milk; so it may be smd that so far as known the fat 
the result of a breaking down of degenerated epithelial cells. 

Dr. Bitting asserts that the formation of milk solids in the 
cow’s udder is probably due to a metabolic process rather tlian 



Fxg. 3. — A schematic figure showing the course of the artery leading to the 
mammary ^ .*n-l and the veins returning to the heart. The light-colored 
Imes reprcsciK arteries and the dark-colored lines the veins. (From 
Bitting, Twelfth An. ileport, Indiana.) 

to a degt nerative. ( oilier found that a cow giving a normal 
amount of milk would secrete about 136,000,000 fat-globules 
per second. He r.ho suggests that a cow secretes about 5 
pounds of milk iolids per day. As a cow’s udder weighs only 
about 2J pounds, the whole udder would have to be renewed 
twice daily. This is not consistent with our present knowledge 
of tissue building. 
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The chief incentive to milk secretion is maternity. As sooi 
as the young mammalia is born the blood which went to th( 
uterus to supply the calf is turned towards the udder instead 
As soon as this current of blood begins to Sow, all of the blood- 
vessels and capillaries in the cow's udder swell This causes 
the minute blood-vessels or capillaries which form a network 
in the walls of the alveoli to swell. This swelling stimulates 
the epithelial cells to activity. 

Conditions Affecting Secretion of Milk. — There are a 
great many conditions which affect the milking capacity of a 
cow. These conditions may be conveniently grouped into two 
classes according to their causes: (1) conditions which are con- 
trolled largely by man, and (2) conditions which are inherent 
to the cow. # 

1. Some of the chief conditions which reduce the secretion 
of milk and are largely controlled by man are: improper care 
and treatment of the cow, lack of proper food, incomplete and 
improper milking, irregularity, and long periods between 
milkings. Pregnancy, nervousness, or excitement of any kind 
affect the proper working of the milk-glands considerably.. 
These latter causes, however, are not always controlled by man. 

2. Without denying the influence of those conditions mo- 
tioned above, the conditions which chiefly affect the milk- 
secreting capacity are inherent. It does, not matter how much 
‘good care and food a cow receives, if she does not possess 
these inherent necessary qualities. As was mentioned before, 
the milk-secreting capacity depends upon the number o} gland- 
lobules, upon the amount oj blood which is supplied to these secre- 
tory parts, and upon the capacity of the cow to digest and assimilate 
food. 

The number of gland-lobules is believed to increase until 
the cow is about seven years old. The milk-secreting glands 
are present only in a rudimentary form, until the cow has had 
her first calf, or is well advanced in the first stage of pregnancy. 
The gland-lobules then increase in number up to the age of 
about seven. The relative number of lobules in the cow's 
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bder can only be approximately ascertained. The ^ of 
Ikie udder in some measure indicates this. A cow with a large 
lexible udder is usually a good milker, due to the fact that a 
large udder usually contains a large number of gland-lobules. 

The amount of blood wliich is turned through the cow’s 
udder to supply the milk-secreting cells may approximately 
be ascertained by the size of the blood vessels. The bloo(f 
enters the udder from the heart near the region of the hips. 
It then passes down through the udder, along the abdomen 
just benCath the skin, until it reaches about midway l^etween 
the flank and the girth. At this place it penetrates the abdom- 
inal wall and enters the thorax. The place at which the blood 
penetrates the alxiominal wall may l)e felt with the finger.^ 
It is supposed that the size of this hole is in some measure 
indicative of the milk-producing capacity of tlie cow. This 
opening in the abdominal wall is called the milk-hole or milk- 
fountain. Large irregular veins are coasidcred a much Ix'tter 
indication of good milking properties than small straight veins. 

The formation of gland-lobules is entirely inherent in the 
cow. The only way that these may he increa.sed is through 
selection and breeding. The amount of blood which passes 
thrpugh the cow’s udder is also largely inherent, although 
this may in a small measure be affected by the amount and 
quality of food given to the cow. It should at all times be 
remembered that a cow is not a mere receptacle into which 
so much food can be introduced, and so much milk drawn 
from the other end. After giving due credit for the influence 
of all other conditions, we must still recognize that the inherent 
conditions affecting the secretion of milk are the most important. 

External Appearance of the Udder. — A cow’s udder should 
be well and symmetrically formed. It shpuld be square, wide, 
extend well along the abdomen of the cow, and back up between 
the thi^. When the udder is empty it should be soft and 
flexible. The teats should be medium large, should be placed 
apart, and should point downwards. 

There should be little or no depresaon in the udder between 
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the teats; that is, each quarter should not appear distinct 
and separate when viewed from the exterior. 

The cow’s udder should be covered with fine soft, downy 
hair. A light golden yellow is said to be indicative of a good 
quality of milk. 

A firm, fleshy udder is undesirable. In the first place, it is 
not indicative of good milking qualities, and, secondly, such 
an udder is predisposed to inflammatory diseases. , 

Milk-fever. — This is a common disease in fresh cows. 
It is due to a congested condition of the cow's udder. The 
decomposition products of the colostrum milk in the udder 
are absorbed by the blood, and produce the characteristic 
symptoms of milk-fever. Dr. Peters, of the Nebraska Experi- 
ment Station, says that a good and simple remedy for a diseased 
udder is to pump it full of air. This can be accomplished 
with an ordinary bicycle pump. After some air has been 
pumped in, then the cow’s udder should be worked or massaged 
with the hand so as to cause the air to pass through the quarter. 
He claims that the udder can thus be restored to its normal 
condition very quickly, thereby preventing and even curing 
milk-fever. In case the udder is caked very badly, apply a 
hot poultice. Small five- or ten-pound bags filled with bran 
and kept hot is a good substance to use. A compress 
is also used. This consists simply of using a piece of heavy 
cloth. Put it on so that it lifts up the entire udder, and tie 
it over the back of the cow. Straw should be put underneath 
it on the back so that the cord does not injure the animal. 
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PROPERTIES OF MILK. 

Color.— The color of normal milk ranges between bluish 
white and golden yellow, according to breeds, foods, and sea- 
sons of the year. The milk yielded by Jersey cows generally 
is more yellow, due chiefly to the larger amount of fat which 
it contains. Holstein cows yield milk of a whiter color. Foods 
such as grass and certain roots (mangles and carrots) have 
the power of giving to milk a higher color. As has been pre- 
viously mentioned, the coloring substance in milk has \yeen 
named lactochrorne, and so far as known is associated with 
the palmitin fat. 

Flavor.— Milk has a sweet flavor, and a faint odor. Fresh 
milk has a peculiar cowy taste and odor, which pass off when 
exposed to the air. The flavor is affected by foods and con- 
ditions of the cow, as mentioned under Abnormal Milk.'' 

Opacity of Milk.—Milk is opaque, except when seen in 
very thin layers; then it is slightly transparent. The opacity 
of milk is due to the presence of the fat and nitrogenous mat- 
ter. When these substances are filtered away on a fine clay 
filter (the Chamberland), the filtrate which passes through 
is clear and transparent. It has been maintained that the 
fat in milk is the chief cause of its opacity, and that the per- 
centage of fat could be determined according to the degree 
of opacity and transparency of milk with an instrument named 
pioscope; but it was soon found out that the size of the 
fat-globules, as well as the number, had considerable influence 
upon the degree of opacity of milk. For that reason, thb 
method of determining the amount of fat in milk was not 

ai 
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reliable. The fat-globules themselves are said to be almost 
transparent; yet the color and opacity of milk is‘ largely due 
to their presence. This characteristic may perhaps be explained 
by assuming that the fat-globules in milk deflect the light 
instead of allowing it to pass through them. 

The opacity of milk, after the fat has been removed, is 
due to the presence of nitrogeneous matter. After the fat 
has been removed from the milk, the milk still continues to 
be opaque. When the albuminoid matter has been removed 
and filtered off the filtrate becomes clear and transparent. 

Chemical Reaction of Milk. — Milk when fresh shows an 
amphoteric reaction, which means that it exhibits both an 
alkaline and an acid reaction when tested with litmus paper. 
It turns blue litmus pajx^r red, and red litmus paper blue. This 
peculiar behavior of milk is said to be due to the caseous matter 
in the milk, which itself has an acid reaction, but the remainder 
of the serum has a slight alkaline reaction. By testing the 
reaction of fresh milk with a tenth normal alkali solution, 
and using phenolphthalein as an indicator, it will be found 
to give an acid reaction. After standing, milk soon becomes dis- 
tinctly acid, which is due to a change of the milk-sugar into 
acids, chiefly lactic acid, through the action of micro-organisms. 
Richmond maintains that the amphoteric reaction of milk 
has acquired a false importance, as he bc'lieves that the neu- 
trality, as measured by the action of litmus paper, is not chemi- 
cal neutrality. 

Specific Gravity of Milk. — By specific gravity of milk we 
mean the weight of the milk as compared to that of an equal 
volume of water at the same temperature. If a certain volume 
of water weighs 1000 pounds, an equal volume of milk at the 
same temperature and under the same conditions, will weigh 
about 1032 pounds. Reducing the figure to a basis of 1, as is 
always done, the comparison between the two equal volumes 
of water and milk will be 1 and 1.032. This latter figure 
represents the average specific gravity of nprmal milk. 

It can be readily seen that the correct specific gravity can 
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only be obtained at one given temperature, for, as the tempera- 
ture of the substance becomes higher, the density of it grows less, 
and consequently the specific gravity will be less. The tempera- 
ture at which the lactometers are standardized is 60° F. 

The variations in the specific gravity of milk will also vary 
according to the relative variation in amounts of the different 
components of milk. If a sample of milk is rich in solids not 
fat, as, for instance, skimmed milk, the specific gravity will be 
high and usually between 1.033 and 1.037. If the sample of 
milk is rich in fat, as, for instance, in cream, the specific gravity 
will be less. 

By adding water to milk, the specific gravity of it is lessened. 
Owing to this fact it was first thought that adulteration of milk 
with water could be detected by testing its spt'cific gravity. 
But this method was soon found to be erroneous, as it is 
jx)ssible to take cream away and add water in such a proportion 
as not to alter the specific gravity of the sample. A low specific 
gravity of milk may, however, cause the suspicion that the milk 
has l)ecn adulterated, and the test for water adulteration can 
be supplemented by testing it for fat. 

As has been mentioned before, the lactometer reading should 
be taken at 60° F. If the temperature of milk is above or 
below, corrections must l)e made. TIic amount of correction 
which will give approximate results is .1 of a degree added to 
the lactometer reading for every degree Fahrenheit of tempera- 
ture the milk is above 60° F., and also ,1 of a degree subtracted 
from the lactometer reading for every degree of temperature the 
milk is below 60° F. The temperature of milk when tested for 
lactometer reading should never go any lower than 10° below 
60°, nor any higher than 10° above 60°. This would leave the 
range of temperature between 50° and J0° F. 

In chemical laboratories, the specific gravity of milk is 
usually determined by the use of a picnometer. 

In practice there are three instruments in general use for 
determination of lactometer reading, or specific gravity, viz.: 
Quevenne lactometer, New York Board of Health lactometer 
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and the ordinary hydrometer. The Quevenne lactometer is the 
one that is used chiefly in creameries. The graduation of each 
one of them is given in the accompanying diagram. It may be 
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Fro. 4.— Comparative graduation of lactometer stems. 

seen from the figures that in order to change the Quevenne 
lactometer reading into specific gravity, all that is necessary is 
to add 1000 and divide the sum by 1000. In order to change the 
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specific gravity into lactometer reading the reverse process will 
give correct results. 

The hydrometer gives the specific gravity directly. The 
Board of Health lactometer has a special graduation. In 
devising this lactometer it was thought that 1.029 was the 
minimum specific gravity of unadulterated milk. The scale on 
this lactometer was made from zero to 120; zero marking the 
point y^hich represents the specific gra\ity of water, namely, 1. 
100 is the point which is assumed to represent the least specific 
gravity of milk 1.029. If the specific gravity of a certain 
sample of milk fell to 90, it indicated that there was 10% of 
water present. If it fell to 80, it indicated that there wa? 20% 
of water, etc. 

In order to calculate the total solids, and solids not fat, of 
milk, it is necessary to know the lactometer reading, and the 
percentage of fat content. Knowing these factors, by the use 
of the following formula given by Farrington and Woll, and 
deduced from Fleischmann's work, the total solids, and solids 
net fat, can be found: 

Solids not fat = } lact. readings- .2 times the fat. 

Total solids = fat + solids not fat. 

Natural Separation of Milk and Cream.— When milk is 
allowed to stand quietly for a short time, a layer having a rich- 
yellow color comes to the surface. This is the cream, and 
contains most of the fat. This separation is due chiefly to the 
difference in weight, or specific gravity, of the fat-globules ^d 
the serum. The force which acts upon the globule of fat is the 
difference in weight between the fat-globule and the serum 
wliich it displaces, minus the resistance force with which it 
meets in its upward passage. In mill^ with a high degree of 
viscosity this force is great. In milk of a limp and liquid 
consistency this force is smaller. By adding water the vis- 
cosity of milk is reduced considerably, and the specific gravity 
of the serum is also decreased. But the effect of the added 
water upon the viscosity is greater than the effect the water has 
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upon the specific gravity of the serum; hence, by adding water 
to milk, the resistant force is decreased to such an extent as to 
get a more rapid and more efficient separation of the fat. The 
water dilution separators are based upon this principle. In 
normal milk, the amount of fat left in the skimmed milk by 
natural creaming is about .4%. The fat which is left in this 
skimmed milk is largely composed of very small globules. 
This is due to the fact that the resistant force of these, small 
globules is equal to or greater than the buoyant force acting 
upon them. 



Fig. 5.~-Standardized milk. Showinff the amount of cream on milk con- 
taining the designated per cent of butter-fat. (From Bui. 92, 111.) 

This completeness of natural skimming is to a certain extent 
based upon the mathematical law which is stated as follows: 

The surfaces of two spheres are to each other as the squares of 
their diameters, and their cubical contents are to each other 
as the cubes of their diameters.” The larger the globules are, 
the greater the surface is, and the greater the resisting force to 
which they are subjected. From the law stated it can be seen 
that as the size of the globule increases, the cubical content 
increases more rapidly than the surface. If a fat-globule were 
split up into smaller ones, there would be more surface exposed 
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to the serum than was the case while the fat was present in 
one globule. 

For illustration, take two globules of fat having a diameter of 
4 and 2 inches respectively. The squares would be 16 inches 
and 4 inches respectively ; their cubes would be 64 inches and 
8 inches respectively. It will thus be seen, according to the 
law quoted above, that the larger globule has a surface only four 
times /us great as that of the smaller one; but the cubical content 
of the larger globule is eight times that of the smaller one. This 
illustrates why the large globules rise in cream quicker than 
the small ones. In tiiis particular instance the upward force 
the larger globule is subjected to is eight times greater than 
that of the smaller one, while the resistance force is only four 
times as great as that of the small one. 

Adhesion of Milk.— Normal sweet milk adheres to wood, 
glass, and metals to a greater extent than does water. Whole 
milk has greater adhesive properties than skimmed milk. 
A paper moistened with milk or cream makes a label that 
will stick to any dry object; the same paper moistened with 
skimmed milk has less adhesive power. The adhesive prop- 
erties of milk arc also due to the condition of the nitrogenous 
matter. This fact is made use of in painting and whitewashing. 
Slacked lime, when mixed with buttermilk, or milk of any 
kind, gives a whitewash which will remain on objects much 
longer than that made by mixing with water. 

Viscosity of Milk. — Milk is more viscous than water. The 
degree of viscosity of fresh milk varies chiefly with the tem- 
perature and fat content. So far as understood, the lower 
the temperature, the greater the viscosity. Development of 
acid, and high temperature lessens the viscosity of milk. Pas- 
teurized milk or cream is less viscous than the same milk or 
cream unpasteurized. This lack of body can again be restored 
by adding a little viscogen, as recommended by Babcock 
and Russell. It is advisable not to use it, however, .as it does 
not add materially to the nutritive value of milk. It merely 
restores the body. 
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The great viscosity of thick and cold cream has been 
encountered by most butter-makers when attempts have 
been made to churn cream under such conditions. It adheres 
to the inside of the churn and does not agitate. It simply 
rotates with the churn. Cream that is cold and thick 
whips more easily than thin and warm cream. The viscosity 
is 80 great that the air incorporated cannot escape so easily. 
In ice-cream making, a greater yield is obtained by using 
cold and thick cream. The air, when once incorporated, 
cannot easily escape, owing to the great viscosity of such 
cream. 

Specific Heat of Milk. — The specific heat of milk is less 
than that of water; that is, it requires less heat to warm a 
definite amount of milk to a certain temperature than it does 
to heat the same quantity of water to the same temperature. 
It also takes less ice to cool the same volume of milk to a cer- 
tain temperature than it does to cool the same quantity of 
water to the same temperature. The specific heat of milk 
is, according to Fjord, .94. The specific heat of cream is 
about .7. It varies according to the percentage of fat in the 
cream. The specific heat of butter is about .4. From these 
figures it will be seen that it takes less heat to warm milk, 
cream, and butter, and less cold to cool the same substances, 
than it does to heat and cool water; but it takes a longer time 
to heat or to cool milk, cream, and butter; that is, the milk, 
cream, and butter are not as rapid conductors of heat and 
cold as is water. 

The maximum density of milk is not, like water, at 4° C, 
but at about .3° C, The boiling-point of milk is a trifle higher 
and the freezing-point a trifle lower than that of water. 

Effect of High Heating (iSo° and above) on Properties of 
EBlk* — ^The chief effects of heat upon milk may be summarized 
in the following headings: 

(1) It destroys nearly all germs present in the niilk 

(2) It diminishes the viscosity, or body. 

(3) It drives off gases. 
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(4) It imparts a cooked taste (especially if not heated and 
cooled properly). 

(5) It precipitates some of the albuminoids and ash con- 
stituents. 

(6) It destroys the properties of enzymes present in milk. 

(7) It divides or splits up the fat globules. 

(8) It caramelizes some of the sugar. 

1. Destroys Nearly All Gcrms.—IIeating milk to a tem- 
perature of about 180° F. for ten minutes destroys most of 
the gei-ms present in milk. Tliis is the temperature used 
chiefly in creameries for pasteurization. The details concern- 
ing the different effects of temperature upon growth of germs 
properly comes under the heading of bacteriology, and will 
be referred to more in detail in the chapter on “ Bacteria in 
Milk.’^ 

2 . Diminishes the Viscosity, or Body.— -Heating milk or 
cream diminishes the viscosity of these substances; that is, 
the body or consistency is lessened; and in cities where milk 
or cream is sold directly to consumers, heated milk appears 
as if it had been adulterated. This diminution in the body 
is claimed to be due to a breaking up of the fab-globules and 
the caseous matter. The chemical union of some of the cal- 
cium salts and the casein is altered or destroyed. 

The consistency, of milk or cream can be restored by adding 
a substance named viscogen. Russell and Babcock ♦ advise 
this method of overcoming the apparent defect caused by 
heating. It consists of making a strong solution of cane-sugar 
and mixing it with freshly slacked lime. This mixture is 
allowed to stand, and the clear solution coming to the top 
is the viscogen, which, when drawn off and used in the pro- 
portion of one part of viscogen to from 100 to 150 parts of 
cream, restores the body of cream or milk. This is due to 
the fact that viscogen causes the fat-globules to cluster together 
again, and the lime in the viscogen may combine with the 


* Bulletin No. 54, Wisconmn. 
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nitrogenous constituents in such a way as to aid in the resto^ 
ration of the body of the cream or milk. 

Nearly all dairy laws forbid the addition of any foreign 
substances to milk or cream. If viscogen is added, Babcock 
and Russell suggest to name it visco-milk, visco-cream; etc. 
When this modification is made, then no objection can be 
raised to its legitimate use. 



Fig. 6 . — Microscopic appearance of milk, showing natural grouping of the 
fat-globules. Single group in circle, highly magnified, (From Bui. 64, 
Wis.^ 


3 . Drives off Gases.— When milk is heated, taints, and 
gases of different kinds pass off to some extent. This is facili- 
tated by heating and stirring in an open vessel. Many of 
these gases also escape when milk is aerated and cooled in a 
pure atmosphere. 

4. Imparts a Cooked Taste. — "When milk is heated to 160° F. 
or above, it assumes a distinctly cooked taste, which makes it 
disagreeable as a food for many people. On this account, 
milk for city supply in America is generally not heated. 
In a few cities where* milk is consumed directly, heating and 
cooling (pasteurization) has been generally introduced. It 
is said that people can become accustomed to this cooked 
flavor and acquire a liking for it. When milk is not heated 
higher than 180® F., nor exposed to the heat very long, and 
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cooled quickly, the cooked taste can be greatly reduced and 
almost entirely avoided. Where heating or pasteurization 
of cream has been adopted, as in some creameries, the pre- 
vention of this cooked flavor in the butter is of vital importance. 

llie reason why this cooked flavor forms in milk when 
heated is not well understood. It is supposed to be due to 
the effect wliich heat has upon the nitrogeneous constituents 
of milk. 

5. Precipitates Albuminoid and Ash Constituents.— When 

milk is heated, there is a tendency for the soluble salts and a 
portion of the albuminoids to be thrown down, or changed into 
an insoluble form. 

The higher the milk is heated, the greater is this tendency. 
By subjecting a sample of milk in a flask to intense heat, and then 
allowing it to stand, a fine white sediment will be deposited on 
the bottom. This is believed to be minerals precipitated from 
the milk. 

When milk has been heated to about 170® F., and cooled, 
rennet is unable to precipitate the curd in a normal way. The 
curd resulting from adding rennet to pasteurized milk is floccu- 
lent in nature. It does not assume that smooth and even 
texture that curd from raw milk has when precipitated with 
rennet. This abnormal behavior of pasteurized milk towards 
rennet can be reestablished by adding a small quantity of 
calcium chloride (CaCl). Whether this would effect the 
quality of cheese materially has not yet been determined 
definitely. According to G. Fascetti,* if pasteurized milk is 
used for cheese-making, the cheese ripens more slowly than 
when made from raw milk. The same investigator also claims 
that a larger quantity of cheese is obtained per 100 parts of milk 
when pasteurized milk is used. • 

6. Destroys Properties of Enzymes.— As was mentioned in 
the composition of milk there is a substance normal to milk 
oaihed galactase. This is an enzyme. By heating milk to 


* Exper. Sta. Record, VoL 15, No. 10, 1904. 
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about 175° F. the properties of the enzyme are destroyed Owing 
to this it is easy to detect whether a certain sample of milk ha? 
been pasteurized or not. Galactase is present in so small a 
quantity that it could not be determined in milk quantitatively. 
It must be detected in a qualitative way. 

The test used and invented by Storch, of Copenhagen, 
Denmark, is to put a small quantity of milk in a test-tube, add to 
it a small quantity of a weak solution ( 2 %) of hydrogen peroxide 
(H 2 O 2 ), a small quantity of potassium iodide, and a little starch 
solution. The whole mixture is then shaken. If the mixture does 
not change in color, it has been heated to at least 170° F. If it 
turns blue, it has not been heated to a sufficiently high tempera- 
ture to destroy the properties of the enzyme present in the milk. 
Another test which can be used in distinguishing raw milk from 
scalded or boiled milk is to take 10 cubic centimeters of the milk 
to be tested, add 1 % of recently prepared aqueous solution of 
**Ortol,” and then one or two drops of hydrogen peroxide. If 
the milk has not been heated, a vivid red color is produced. 
Heated milk shows no effect. 

7 . Divides the Fat-globules. — The fat-globules in normal 
milk are grouped in minute clusters. When milk is heated, 
these clusters break up, and each globule exists more or 
less independently. When heated to an excessively high 
temperature, and exposed to this temperature very long, the 
fat-globules tend to run together. This can be proved by 
heating milk in an open vat for about half an hour. A small 
amount of yellow fat will then be seen floating on the top. 

8 . Caramelizes the Sugar. — The brownish color which the 
milk assumes when it is heated excessively is due to a change 
which the milk-sugar undergoes. Fleischmann claims that the 
sugar begins to change into a substance known as lacto-caramel 
at a temperature of 160° F. This change, however, is not 
pronounced enough to be apparent in the color, unless the milk 
is heated a long time. Hie higher the temperature is, and the 
longer it is exposed to the heat, the more pronounced is the 
change. 
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General Remark8.--While all of the above changes have 
been found by investigators to take place when milk is heated, 
they can, in a measure, be avoided, if special precautions are 
taken in the heating and cooling of milk with the special, 
recently improved forms of apparatus for heating and cooling 
milk. The heating to 160® F. can be accomplished without 
changing materially the chemical or physical proi)crties of 
milk.* Rapid heating and rapid cooling seem to be two essen- 
tials in order to prevent changes from occurring in the milk. 


* Fjadoa, Koshe, and Ilertel in Exp. St. Uncord, Vol. 14, No. 5. 




CHAPTER IV. 

FERMENTS IN MILK. 

Dcfinition.—The changes which milk undergoes by standing 
at a suitable temperature are called fermentations. The 
causal agents are called ferments. There are two kinds of 
ferments in milk; viz.: (1) the organized, and (2) the unorgan- 
ized. The latter includes the enzymes. So far as known, only 
one pre-existing enzyme is found in milk. This one was dis- 
covered by Russell and Babcock. They named it galactase. 
It is a tryptic ferment. This galactase is present to such a 
small extent in milk that it exercises very little influence upon 
the characteristics of milk. If the milk were rendered entirely 
sterile or free from organized ferments, the fermentative changes 
would proceed at an unusually slow rate. The galactase has 
been suggested to be of some ini}K)rtance to the butter-making 
industry. The properties of galactase, like those of any other 
enzyme, are destroyed by heating to or above a temperature of 
about 175° F. 

The organized ferments are by far the most important to the 
dairy industry. It should be understood in this connection 
that the organized ferments may produce unorganized ferments, 
or enzymes, as products, but these produced enzymes do not 
exist in milk, like galactase, when it is first drawn from the cow. 
The organized ferments of milk consist chiefly of bacteria. 
There are present also some yeasts and molds. 

It is a common impression that bacteria are animals, which 
is incorrect. Bacteria are minute microscopical plants, belong- 
ing to the lowest order of plants in the vegetable kingdom. 
Bacteria differ from the ordinary plants that we see, in that 
thoy are composed of a single ceil containing protoplasm, 
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while the plants that we see in every-day life are aggregations 
of cells. Some bacteria are motile, while others are not. 

Size and Shape of Bacteria.~In size, bacteria are the smallest 
organisms that exist, so far as known. The size varies con- 
siderably. Russell* gives the average diameter as 
of an inch. They are so inconceivably small and light that 
nine hundred billions of them would only weigh f'f of an 
ounce, t 

Bacteria also vary considerably in shape. They are as a 
rule classf'd into thn'c groups: (1) The bacillus or rod-shaped; 
(2) The coccus or ball-sha{)('d; (3) The spirillum or spiral- 
shaped (like a corkscrew). Some ty[)es of bacteria are clas- 
sified according to the way in which they adhere to each other. 
For instance, when two cocci occur together and form a pair, 
they are called diplococci, when bacteria occur in chains, 
they are called streptococci, when bacteria appear in bunches 
they arc called staphylococci, etc. 

Favorable Conditions for Bacterial Growth. 

Food.— Bacteria are like other plants in nature,— they need 
food for their exist enc('. However, they require their food in 
solution. Nitrogen, carbon, oxygen, and mineral matter are 
essentials for bacteria. These substances an^ furnished in 
abundance in milk from casein, albumen, milk-sugar, and the 
mineral salts. Butter-fat in milk is said to lx? of little value 
as a food for bacteria. 

Some bacteria prefer a .substance having an acid reaction in 
which to grow; othei*s thrive best in an alkaline medium. 
Most bacteria, however, prefer a neutral or shghtly alkaline 
substance. Darkness is essential to some bacteria, and is 
preferred by the majority of the diffeijpnt species. Bright 
sunlight is a very effective germicide. It is fatal to all species, 
so far as known. Some germs require air for their growth. 
These are called aerobic. Others again grow only in the 


* Daily Bacteriology. t Milk, lU Nature and Composition, by Aikmaa. 
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absence of air. These are called anaerobic. Some grow imder 
either or both conditions, and are called facultative aerobic or 
facultative anaerobic. 

Temperature —Favorable temperature is essential to bac- 
terial growth. Temperature is, indeed, the most important 
means by which the growth and development of bacteria can 
be controlled. The range of temperature at which bacteiial 
growth can occur may be placed between freezing-point and 



Fiq. 7.~a, single bacterium; 6, progeny resulting from the growth of a bac- 
terium during 24 hours in milk at 50® F,; r, progeny of a bacterium 
during 24 hours growth in milk at 70® F. At 50° F multiplication was 
S-fola At 70° F. the multiplication was 760-fold. (Bui. 26, Storrs, Conn.) 

a little above 110° F. The growth of bacteria at these ex- 
treme temperatures is very slight. Even at 50° F. the rate 
of growth is very slow. According to experiments conducted 
by Dr.' Conn, the multiplication of bacteria at 50° F. was 5- 
fold, while at 70° F. the multiplication was 750-fold. The 
following table shows the number of bacteria per cubic centi- 
meter in milk kept at different temperatures : * 


No. at 
Outset. 

In 12 
Houni 
atflO®. 

In 12 
Hours 
at 70*. 

• 

In 50 
Hours 
at 60*. 

In 50 Hours 
or at Time of 
Curdling 
at 70*. 

No. of 
Hours be- 
fore Curd- 
ling at 50* 

No. of 
Hours be- 
fore Curd- 
ling at 70*. 

46.000 

30,000 

249,500 

1.500,000 

5 2,000,000 

190 

56 

47.000 

44,800 

360.000 

127,600 

792,000,000 
36 hours 

289 

36 

60.000 

36,000 

800,000 

160,000 

2,560,000.000 
42 hours 

172 
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* Bull. 26 StorFs Stn., Conn. 
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All bacteria do not have the same optimum growing tem- 
perature. Some species develop most rapidly at one tempera- 
ture, wliile other species prefer a different temperature for the 
greatest development. It is on this account that certain tem- 
peratures are employed in ^ripening of starters and cream. 
According to researches by Conn, Bacillus lactis aerogenes 
develops very rapidly in milk at 95® F. It produces much gas 
and an unpleasant flavor in the milk. -This particular species 
sours milk very rapidly. As a rule, milk wliich has been held 
at this high temperature, contains a preponderance of this 
undesirable species of bacteria. At 77® F. results are more 
uncertain. The species of bacteria which will predominate in 
milk at this tcmix^rature depimds in large measure upon the 
number of each kind present. According to Conn, Bacillus 
lactic acidi has the highest ndative growth at about 70® F. 
This particular species produces no gas, and is desirable to have 
present in cream for butter-making. Milk kept at this tem- 
perature will, in most cases, providing it has previously been 
properly treated, develop a pleasant acid taste, will curdle into 
a smooth uniform coagulum, and will contain a preponderance 
of the species of germ mentioned above. 

At as low a temperature as 50® F. acid-producing types of 
bacteria do not develop very well. But Conn maintains that 
at tliis temjxTature miscellaneous species of bacteria develop 
that produce unfavorable results. Wliile milk does not easily 
sour at tliis temperature, it should be remembered that un- 
desirable germs are constantly developing. 

As it is practically impossible to exclude all of the bacteria 
from milk during milking and the handling of the milk, it 
is very essential that the multiplication of the germs present 
be checked, or at least retarded; and^ this can be done by 
controlling the temperature of the milk. As low temperature 
is effective in checking the multiplication of the bacteria, the 
sooner the milk can be cooled after it is drawn, the better it is 
for the keeping quality of the milk. 

Moisture.— Moisture is one of the essentials for bacterial 
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^wth. As milk is composed largely of water, bacteria find in 
milk a good medium for growth. AJl the other required food 
elements are also found in abimdance in milk. Damp utensils 
and rooms are always more conducive to the growth of germs 
than are utensils and rooms which are thoroughly dried and 
ventilated. This is well illustrated by a refrigerator. A very 
damp dark refrigerator is always more conducive to the growth 
of molds in butter than is a dry refrigerator. 

Unfavorable Conditions for Bacterial Growth.— The reverse 
of the favorable conditions mentioned above would be un- 
favorable to the growth of bacteria. As it is practically im- 
possible to make conditions unfavorable for the growth of 
bacteria by taking away food, other means must be used. 
Extremely high temperatures destroy bacteria. Low tem- 
peratures check their growth, but so far as known do not 
destroy them. Absence of moisture and presence of direct 
sunlight are conditions which are not conducive to bacterial 
growth. Certain chemical substances when added to milk, or 
to the medium in which the bacteria are present, are very un- 
favorable to their growth. Some of these chemicals entirely 
destroy all germ life when added in even very small quantities. 
These are called disinfectants (formaldehyde, corrosive subli- 
mate, etc.). Other chemicals are more mild in their effect upon 
germ growth, and merely inhibit or retard the growth of micro- 
organisms. The chemicals wliich have this milder effect upon 
germs are called antiseptics. Boracic and salicylic acids are 
examples. Practically all disinfectants are violent poisons, and 
should not be used in any quantity or in any form in milk 
or dairy products which are intended for human food. The 
milder preservatives, or the antiseptics, are, as a rule, not so 
poisonous or injurious to human health. In some countries 
tliey are allowed to a small extent. For instance, according to 
reports, the laws of England permit the use of boracic acid to 
the extent of 0.5 of one per cent. It is, however, safest not to 
use any of these chemicals, except for preserving samples for 
analytical or simiiar purposes. As low and high temperatures 
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are so effective in producing unfavorable conditions, these should 
be chiefly employed in controlling the growth of micro- 
organisms in the dair>' industry. 

Kind of Germs Found in Milk.—Thc number of species of 
germs found in milk has not yet been definitely established, 
due chiefly to the fact that it is in some instances difficult 



Fig. 8. — Shows a plato exposed in pasture where air mup+. have been very 
pure and free from germs. (Bui. 87, Nebraska.) 

for bacteriologists to differentiate one species from another. 
The description of one sj^ecies of bacteria by two different bac- 
teriologists may vary considerably, as the characteristics of 
the germs depend so much upon the conditions throughout 
the classification process. Over 200 ^different si)ecies have 
been described. It is possible, however, though all of these 
t 3 rpes may have different morphological and physiological 
diaracteristics as described by different bacteriologists, that 
some two or more of the 200 types may belong to one species. 
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For this purpose, it is sufficient to classify the bacteria into 
three groups; viz., (1) those which are harmful to the butter- 
making industry, (2) those which are beneficial, and (3) those 
which are indifferent, or produce neither good nor bad results. 

From the farmer^s or milk-producer's standpoint, none 
of these bacteria are desirable. Each milk-producer should 



Fia. 9. — Shows a plate exposed one-half minute under a cow's udder treated 
with a 5% solution of carbolic acid. (Bui. 87, Nebraska.) 

make it a point to prevent their entrance and suppress their 
development in milk and cream to as great an extent as pos- 
sible. The creamery operator should endeavor to suppress 
all of the harmful gerHis, and foster the development of the 
desirable ones. 

The germs which are desirable belong chiefly to the acid- 
producing types. They are often called lactic ferments. 

The harmful bacteria include those which produce bitter 
milk, red milk, blue milk, yellow milk, slimy milk, etc. There 
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is a number of species belonging to this group. The patho- 
genic germs, or disease-producing bacteria, must also be classed 
with the harmful bacteria. It is not the intention in this 
work to give an extended discussion of this subject. For 
such discussion see special works on Dairy Bacteriology. 



Fia. 10— Shows plate exposed one-half minute under cow’s udder treated 
by merely bnishing with the hand; each little spot represents a colony 
of some kind of bacteria. (Bui. 87, Nebraska.) 

Number of Bacteria in Milk.— The number of bacteria 
found in milk varies so much that it is practically impossible 
to state Accurately the average number. Tlie number of 
germs found varies according to several conditions, such as 
degree of cleanliness of cows, utensils, ‘and milker; degree of 
purity of the atmosphere when the cows are milked; and 
the temperature at which the milk is kept. When the milk 
is being produced under the best practical sanitary conditions, 
the number of germs need not exceed 10,000 per c.c. Such 
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results cannot be obtained unless extreme precautions are 
taken. Milk produced under average farm conditions sel- 
dom contains less than 50,000 germs per c.c. shortly after the 
milking. Milk which is produced under filthy conditions, 
and which is several hours old, may contain several millions 
of bacteria per c.c. 

Sources of Bacteria in Milk.— Except in the cow’s udder 
where they are present to only a small extent, bacteria are 
|)resent almost everywhere. They float in the atmosphere 



Fia. 11. — The wrong and the right kind of a milk-pail a, the ordinary 
type of pail showing sharp angle between sides ana bottom; B, the same 
properly flushed with solder so as to facilitate thorough cleaning^^ The 
lower hgure represents a joint a.s ordinarily made in tinware. The de- 
pression a affords a place of refuge for bacteria from which they are 
not readily dislodged. This open joint should be filled completely with 
solder. (From BiU. 62, Wis ) 

and adhere to particles of dust. Especially is this so in the 
dusty cow-stable. They are present in all well water to a greater 
or less extent. They are very abundant in streams and rivers. 
They are present in the soil to a depth of several feet, the 
number decreasing with the depth. As these germs are prac- 
tically present everyw^here, the source of germs in milk may 
be said to be all around us. The principal sources of germs 
in milk are, however, unclean dairy utensils, unclean cows, 
and unclean surroundings. As these germs multiply chiefly 
by fission, or by one cell dividing into two, it is plain that the 
number of germs will increase very rapidly under favorable 
conditions. Under the most favorable conditions it requires 
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i^proximately twenty minutes for this process of fisaon to 
take place. 

Some germs develop small bodies within the cell, called 
spores. It is not difficult to destroy the sporeless cell by 
heat, but the spores are very resistant to unfavorable con- 
ditions. The spore-bearing bacteria cannot be destroyed by 
boiling. The heating destroys the vegetative cell, but the 
spores still remain. In order to destroy the germ in the s]x)re 
form, it is essential that the milk be cooled to a temperature 
favorable to growth, and then allow the s|X)re to develop into 
a vegetative cell. If heat is again applied, the milk can be 
rendered entirely sterile. Usually three or four successive 
heatings and coolings are necessary in order to n'lider the milk 
completely sterile. A single heating under pressure (15 minutes 
at 15 pounds) kills them at once. 

It has been demonstrated by several investigators that 
freshly draw'n milk is not a good medium for bacteria to develop 
in. In fact, several experiments smn to indicate that milk 
acts as a germicide to certain varieties of bacteria. F or instance, 
the cholera germ is to some extent destroyed in fresh milk, 
but it is not known to what extent. Organisms producing 
lactic acid check the rnultijdications of thes(? pathogenic bac- 
teria. This germicidal property is said to be common, to a 
greater or less extent, to all the animal secretions. 

Effect of Thunder-storms on Souring of Bfilk.— It is a common 
impression that thunder-storms hasten the souring of milk. 
This wds attributed to the electricity in the air accompanying 
the storm. Experiments by several investigators have proved 
that electricity does not have any effect on hastening the fer- 
mentative changes of milk. The reason why milk sours quicker 
when an electrical storm is approaching, is that the air tem- 
perature is usually higher then than at *any other time. This 
higher temperature warms the milk and creates more favor- 
able conditions for the rapid multiplication of the germs present 
in the milk. It is for this reason that milk sours quicker during 
or previous to a thunder storm than at any other time. 



CHAPTER V. 

ABNORMAL MILK. 

Colostrum Milk— Colostrum is the milk yielded immediately 
after calving. As the time of calving approaches, a cow usually 
diminishes in her milk-producing capacity. Most cows become 
dry about two months previous to parturition. If they do not 
naturally stop giving milk, they should be dried up so as to have 
a seven week’s rest before calving. When the rest has been 
given, the cows yield, immediately after calving, milk which has 
a composition and characteristics different from those of normal 
milk. If the cow continues to give a copious flow of milk up to 
the time of calving and is not allowed any rest, the difference 
in the milk yielded before calving and after calving is compara- 
tively slight. 

The composition of colostrum varies considerably during the 
first three days after calving. According to Engling, as reported 
by Richmond, the composition is a follows: 

Water 

Fat 

Albuminoids j 

[ Albumen 

Sugar 

Ash *. 

Colostrum greatly changes in composition and appearance 
as it gradually assumes the characteristics of normal milk. It 
is at first reddish yellow in color, and has a viscous and slimy 
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71 . 69 % 

3.37 

4.83 

15.85 

2.48 

1.78 
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consistency. It is a food which the newly born calf Aould not 
be deprived of, as it seems to lx? s|xx*ially suited for the digestive 
tract of the young calf. 

It will be 8e(‘n from the alx)vc table that the water content 
of colostrum is k*ss than that of normal milk. The fat content 
is a ittle lower than that of normal milk. The most striking 
characteristics of colostrum, however, are the low content of 
sugar, and the large amount of albumen. Of the latter substance 
very little is present in normal milk. Tlie mineral constituents 
of colostrum also run (]uite high. The sfH'cific* gravity of 
colostrum varies from 1,046 and 1.079. Whvn lK)ile(l, the 
nitrogenous matter coagulates. The colostrum is not consideriHl 
to be suitable for food until about four days afte r ])arturition. 
Whenever it can be boiled without coagulating, it is claimed 
to be safe to use. At times a cow's udeler becomes inflamed 
after calving. In such cases the abnormal (jualities of the 
cow'’s milk will extend over a greater period of time than that 
nientioned above. 

Salty Milk.— The average clnmiical analy.sis of salty milk as 
calculated from results obtained by the analysis of such milk 
from four cows given by Hbggild,* is as follows: 


Water 91.09 

Fat 2.09 

Nitrog(‘nous matter 2.90 

Sugar 3.01 

Ash 85 


It has an average .specific gravity of 1.0244. 

Salty milk does not occur very often, but whenever it does 
occur, it is difficult, and, so far as known, im}M>8Hible to cure 
without drying up the cow’. Two santples of such milk have 
recently come within the author's notice. It had the appear- 
ance of normal milk, had a foul smell, and very salty taste. 


* Maelkeribnigei in Denmark. 
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The two samples contained 1.7% and 1.9% of fat respectively. 
They soured and curdled in a normal way at living-room tem- 
perature in about thirty hours. At this stage they were very 
foul in smell, and unpleasant in taste. 

The cows which had produced this milk had both calved 
about three months previously. It occurred in the month of 
July, when pastures were quite good. The udders of the cows 
were in an apparently normal condition. At first it was thought 
that some conditions in the pasture caused this abnormal milk. 
The cows were taken into the barn, and fed on dry food for 
two weeks, but without any change in the quality of the milk. 
Gradually they dried up. 

The reason for the secretion of this salty milk was laid to 
the long time which the cows had been yielding milk without 
any rest. They had been given no rest previous to the last 
calving. It is also believed that this quality of milk will occur 
more frequently when the cows are near the close of their 
lactation period. 

While the above two causes are perhaps the most common, 
they are not the only ones. Salty milk has been obtained from 
cows to which these reasons could not be ascribed. Boggild has 
found that salty milk has been secreted by cows with abnormal 
udders. He has also demonstrated that it was the diseased part 
of the udder from which the salty milk was yielded. The healthy 
portion of the udder yielded normal milk. It is possible that 
an obscure, diseased condition of the udder may be the entire 
cause. 

Salty milk is of course undesirable in the dairy or creamery. 
It is very disagreeable to the taste, and in a fermented stage 
becomes very foul. 

Bloody or Red Milk. — Bloody, or red milk is caused, first, 
by an abnormal condition of the cow's udder, which may or may 
not be apparent; and second, a red color may be developed in 
milk after standing, through the action of bacteria. 

The bloody milk, caused by an inflamed udder, often assumes 
a reddish-yellow appearance, and may, if not examined care- 
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fully, be mistaken for colostrum. Bloody milk produced by an 
inflamed udder, may be distinguished by noticing small blood 
particles, which will settle to the bottom, and can be noticed if 
the sample is placed in a glass test-tul)e. Bloody milk caused by 
bacterial growth does not show the blood at the bottom, but 
instead, previous to stirring the milk or cream, it appears on 
the surface in small red dots. The red color which commonly 
occurs in milk is due chiefly to a species of germ called M icro 
coccus prodig^iosus. Colostrum will show reddish cream on 
surface, but no blood-like material will separate out. 

Blue Milk— Blue milk is (juite commonly found. Formerl\ 
it was thought that this color was due to the condition of llu' 
casein in the milk, but since more has been discovered in regard 
to the effect of germ life upon conditions and pro{)erties of milk, 
it has been proved that blue milk is caased by bacteria* {BaciU 
lus cyanogenus). This particular germ produces the blue color 
in the milk only when the milk has an acid reaction. When 
sterile milk is inoculated with this particular germ, the blue 
color is not produced, but by the addition of a little acid, or by 
inoculating the milk with the bacteria that produce lactic acid, 
the blue color is produced. This s(‘ems to Ik* one of the instances 
of symbiotic action of bacteria in milk. There arc probably 
other causes, i)ut they are not known. This germ, according 
to Aikman, is killed by heating the milk to about 176® F. The 
germ ceases to work as soon as milk is coagulated. 

Yellow Milk.— According to Aikman,* yellow milk is caus(id 
chiefly by one species of bacteria, named Bacillus synxanthus. 
Tins micro-organism belongs to the grouj) of ferments that act 
upon the fat of milk. There are different shades of yellow 
produced in milk, caused by different species of bacteria, but 
the above-mentioned one is considered to be the principal cause. 
Some produce a brilliant yellow color, while other species first 
curdle the casein, and then digest or dissolve it into a yellow 
or amber-colored liquid. 


* C, M. Aikman, in “Milk, lU Nature and Compoaition.' 
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Ropy Milk.— The slimy or ropy condition of milk is not 
common. It is sometimes found in milk handled by milk- 
dealers and is caused by certain micro- 
organisms. Aikman mentions the fact that 
no less than eighteen different distinct organ- 
isms have been identified as associated with 
this slimy fermentation. Most of the inves- 
tigators agree that two organisms are chiefly 
responsible for this slimy condition. One of 
these is Bacillus lactis viscosus.'^ This germ 
has been found to be frequently present in 
surface waters. The very fact that milk- 
dealers in cities are occasionally troubled with 
this sliminess in milk indicates that precau- 
tions arc essential in order to avoid the pres- 
ence of this ferment in milk. This germ, when 
it once gains entrance to a milk establishment, 
is very difficult to eradicate. In order to 
overcome this trouble it may be necessary 
to cover the whole inside of the milk-store, 
and all of the vessels used for handling the 
milk, with sour coagulated milk. The lactic 
acid germs present in this milk gains ascend- 
\hi8 germs causing sliminess, and 

would "string in that way the trouble may be eratlicated. 
Mveral^”f^t^^n Streptococcus hollandicus f is another spe- 
(I'rora Bui. cies which produces sliminess in milk. This 
^ particular organism is used in Holland as a 

starter. The starter containing this particular germ is added 
to the milk used in the manufacture of Edam cheese, in order 
to control or check the gassy fermentation which may be present 
in it. 

Bitter Milk.—This is one of the most common kinds of 
abnormal m'.lk, and like some of the others, may have more 


♦ AJame:z La.idw. Jar., 1J91, p. Ib5, 
t Milch ZMt., 1889, p. 982. 



Fio. 13. — Simwing diect of g^aay fennentatioD in milk. The floating curd in 2 and 3 shows the presence of 
* gas-producing ferments 
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than one cause. It may be due to some imdesirable food that 
the cow has eaten, or to the development of certain germs in 
the milk. If caused by the food eaten by the cow; the bitter 
taste is recognizable immediately after the milk has been drawn. 
If it develops on letting the milk stand, it is caused by bac- 
terial growth. ^ 

Several germs have been foimd to be associated with the 
production of this bitter flavor in milk. Conn has described a 
micrococcus which produces a bitter flavor in milk. Weig- 
mann has described a bacillus which also produces bitter 
flavors. Nearly all of the investigators agree that the germs 
causing the bitter flavors in milk belong to the group which acts 
upon the casein in milk. The bitter flavor is most commonly 
found in milk that has been heated, and then cooled to a low 
temperature. The heat destroys the bacteria that produce 
lactic acid, but does not kill those that produce the bitter 
flavor, owing to the fact that they are spore-producing. 

The germs that produce a bitter flavor do not develop in 
milk that is partly soured, because an acid reaction is im- 
favorable to their growth. 

It was formerly thought that the organisms that cause the 
bitter flavor in milk produced butyric acid. This theory, 
however, has been largely overthrown, as it has been found that 
the germs causing bitter flavor are chiefly of the kind which 
peptonize the casein and produce gas. 

Milk from Cows which have Been in Milk for a Long Period. 
—“The difference in the composition of the fat yielded by cows 
1 ^ different stages of the lactation period seemingly does not 
affect the quality of the milk to a noticeable extent. If the 
cows have been giving milk an unusually long time, then the 
f milk may become abnormal. 

The impurities in the small amount of milk yielded by cows 
almost dried up are quite apparent, and the causes of the 
presence of these impurities are readily understood. The 
small amount of milk drawn from such a cow would contiun 
a proportionately larger amount of dirt and germs than would 
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A larger amount of milk drawn from a cow yielding more milk, 
pro\nding the cleanliness of the udder and manner of milking 
were the same. Cows giving a gmxl <|uantity of milk always 
seem to have a cleaner udder. This has been laid to the more 
vigorous circulation of the blood in the udder of the cow that 
yields a larger portion of milk. 

When cows calve once a year, and have rest of about seven 
weeks previous to parturition, if proper precautions are taken 
concerning cleanliness, they seldom yiehl milk from which a 
first-class quality of butter cannot be produced. In pradice 
this regularity of caking does not always exist. S(‘veral in- 
stances have come within the author’s notice where cows have 
been in milk for two years or more without coming in fresh. 
Such k condition ha})|K‘ns (juite fre(|uently on small farms, 
where the cows k(‘pt are so few that it is deemed imprac- 
ticable to keep a bull. As a con.s(‘quence cows are not 
served at the proix'r time, and great irregularities in calving 
are introduced. 

At times it also haj)pens that cows lH‘come barren. In . 
suen a case tliey are usually milked as long as they will pro- 
duce even a very small (juantily of milk. Milk productnl under 
such conditions is likely to become abnormal in character. 

It may remain normal with a slight increase in the fat-content. 

The abnormal milk, so often complained of, is usually brought 
about by similar circumstances. It is a common belief that 
milk yielded from such animals always contains a high fat- 
content, but it may contain \ery little fat. It may l)e salty. 

It may also ap|)ear normal, and the cream when separated** » 
appear viscous and dead. Bdggild states that the milk at the 
creamery from one barren cow has more than once pro- 
duced difficult churning. ^ 4 

Milk from Spayed Cows. — H. Lennat has given this kind of 
milk considerable study. He finds that milk from spayed 
cows may vary in quality to the same extent as milk from normal 
cows. The solids of milk, as a rule, increase as the spayed 
cow advances in the milk-giving period. Especially was this 
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noticeable in the fat, sugar, and casein. Such milk is con- 
sidered to be of extra good quality, and is recommended as 
being especially suitable for infant-feeding. 

Milk from Sick Cows.— Too much cannot be said against 
the use of milk from sick cows. As soon as the cows decline 
in health, the quantity will be noticeably decreased, and the 
quality is usually abnormal. The kind of milk yielded varies 
with different cows and different diseases, but it is interesting 
to note from the study of this subject, by several men, that 
the milk-secreting glands are quickly affected by disease and 
are unable to perform their proper functions. Even a slight 
derangement of the digestive organs is said to have a marked 
influence upon the flavor of the milk and butter. When cows 
do not clean well after calving, the milk secreted by them 
always has an undesirable taste. During the time of sexual 
excitement of the cow, milk is usually decreased in quantity, 
and in a great many instances assumes a very disagreeable flavor. 

When a cow\s udder is inflamed, the milk usually assumes 
an abnormal condition. It usually contains large, white, 
slimy lumps. According to Bang,* this is caused by a small 
round bacterium, and is contagious. When this germ is in- 
oculated into the udder, the cow gets feverish and the milk 
becomes slimy. 

When cows become infected with tuberculosis to such an 
extent that the udder shows lesions and nodules, then the 
composition and appearance of the milk is altered consider- 
ably. Milk from such cows contains tubercle germs, appears 
yellowish brown in color, and has an alkaline reaction. The 
composition of such milk has been studied in Denmark and 
reported by Bbggild to be as follows : 


Water 88.79 

Fat 3.55 

Albuminoids 5.69 

Sugar 1.25 

Ash 94 


* Maelkeribruget i Danmark, by BOggild. 



ABNORMAL UlUL 



I'M. 14.>— The carcam of an animal killed for beef, abowing tubenniloaii ot 
liver, omcn.uin, and lungs. Generalised tuberculoeis. (Minn. Bui. 
No, 229, by Reynolds.) 
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These results represent the average of four samples taken 
from the diseased part of the udder. It will be seen that the 
greatest variation from normal milk exists in the small amount 
of sugar it contains and the high per cent of ash and nitrog- 
enous matter. 



CHAI^TER VT. 


VAIUATIOX OF FAT IN MILK 

The percontape of fat in normal milk varies a great deal 
more than any other of the constituents of milk. Dr. Rich- 
mond reiK)rts that the fat of milk may go as low as 1.049?) and 
as high as Such extreme variations are, of course, 

abnormal. The fat-content s(4dom falls Ih‘]ow 25^?, or rises 
above 79?. The fat -content of milk from a whol(‘ herd of 
cows, varies only within comparatively narrow limits. The 
following are the chief factors which cause tlie fat-content 
of milk to vary: 

(1) Individuality of cow's. 

(2) Rr(‘ed of cows. 

(3) Time Ix'tween milkings. 

(4) Manner of milking. 

(5) Whether the milk is fore or aft(‘r milk. 

(0) Age of cow. 

(7) Lactation period. 

(8) Feed of cows. 

(9) Environmental conditions. 

(10) Condition of cow, 

I. Individuality of Cows.—That the quantity of milk from 
individual cows varies is a fact that is well known to every- 
one who keeps cows, but the averag(‘ cow-keeper does not very 
well appndiend that the percentage of fat is as variable a factor 
as it redly is. As a rule, when a cow yields only a small quantity 
of milk ^he is in many instances condemned without taking 
the quality into consideration. If the fat content were taken 

65 
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into consideration, such a cow might prove more profitable 
to keep than another that yields a larger quantity of milk. 
For this reason the yield of fat is a better standard by which 
to judge the value of a cow than the quantity of milk. Since 
the general introduction of the Babcock test for the deter- 
mination of fat in milk, the fat-content of milk can be easily 
determined, even on tlie farm. The importance of testing 
the milk of each cow in a herd is sufficient to warrant every 
cow owner to have a complete Babcock testing outfit on the 
farm. 

Unprofitable cows arc, and have l)een, a serious draw- 
back to dairy progress. According to Dairy Commissioner 
Wright’s reports, the average yield of butter per cow, in the 
State of Iowa, is less than 140 pounds per year. Some of the 
cows from which* these statistics were calculated evidently 
gave good returns to the owners, while others again would 
run their owners in debt. Cases are on record where single 
cows have produced more than one thousand pounds of butter 
annually. Such a yield is the result of a great many years 
of attention to the selection and breeding, and can be obtained 
only in special cases. A yield of 400 pounds of fat per cow 
annually might be a good standard for which to strive. Even 
if the average annual butter yield per cow could be brought 
up to 300 pounds, the dairy industry would be put on a sounder 
and more profitable basis. The average price of butter is 
about twenty cents per pound. Jit this rate 300 pounds of 
butter would be worth $60.00. The average cost of keeping a 
cow in the State of Iowa is about $35.00, including care and 
feed. This would leave a net profit of $25.00 per cow. If 
a cow yielded only 140 pounds per year, which at 20 cents 
would be worth $28.00, , the owner of that cow would suffer 
a loss of $7.00. It must not he forgotten that the above cal- 
culation is based only upon the butter-fat. The calf and the 
skimmed milk are not taken into consideration. The skimmed 
milk is worth 25 cents per hundred pounds for feeding pur- 
poses, and Uie calf is worth about $3.00. 
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In making the calculations in the above table the price of 
butter per pound was taken as 20 cents, the skimmed milk 
was considered to l^e worth 25 cents |)er hundred pounds, and 
the cost of iabor was taken at $12.50 per cow. 

Breed of Cows.— -There is a marked difference in the milk 
secreted by different breeds of cow's. The most striking differ- 
ence is, perhaps, between the Holstein and the Jersey breeds. 
The former, as a rule, yields a large quantity of milk, with a 
comparatively low fat-content; the latter, as a rule, yields 
a comparatively small quantity of milk, with a high per- 
centage of fat. The influence of individuality of cows must 
not be overlooked in this connection. 

It is said that the color of the skin, and of the fine hairs on 
the exterior of the cow’s udder may* be taken as a guide in 
selecting cx)W8 for breeding purposes. A fine soft skin, darkirfi 
golden yellow in color, enveloping the milk -glands, and covered 
with fine soft hair, are conridered indications of rich milk* 
While the Jersey cows perhaps yield milk with a hi^er fat* 
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content than any other breed, a high percentage of fat is char- 
acteristic of the milk from all the Channel Island breeds. On 
account of the great variation in the composition of milk from 
different cows, it is difficult to get results from experiments 
where the number of cows involved in each breed and trial 
have been so numerous as to overcome the individuality of 
the cow. We quote the following table, which shows the 
average results from the breed tests conducted at the Annual 
Dairy Shows of the British Dairy Farmers’ Association between 
the years 1879 and 1893, inclusive: 


Total 
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LbH. 
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Kerries and 









Dexters 

26.59 

3.56 

13 37 

1.11 

4 18 

9 19 

749 

30 

Crosses 

42 05 

5.41 

12.87 

1 56 

3.70 
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These results agree very closely with tests carried on in 
the United States, with the exception of the two breeds, Welsh 
and Aberdeen Angus. The former breed is rare in this country. 
The latter breed is considered to be quite inferior as a milk- 
producing breed, but one of the best beef types known. The 
results obtained in the test above, where only one cow was 
involved, are abnormal and cannot represent the average of 
Angus cows' milk. 

Time Between Kilkings. — The common practice in the 
United States is to milk twice during twenty-four hours, every 
morning and evening. The intervals between these milkings 
are not always of the same length. Under the average farm 
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conditions the cows are milked in the morning about 5 oVlock, 
and in the evening about 7 o’clock. Tliis is especially true 
during the spring and eiirly summer months. This long interval 
during the day causes the cow to give a greater quantity of 
milk in the evening, but it contains a smaller i)cr cent of fat. 
Tlie recent results obtained by Ingle illustrate this |x)int very 
plainly. Five cows were milked at 6 a.m. and at 3 p.m. during 



Fia. 15 . — The wrong way to milk cows. (From Glucose Sugar Refining 
Catalogue.) 


a period of three weeks. The average fat-content of the eve- 
Ring’s milk was 4.26% and of the morning’s milk 2.87%. 
During the four weeks following the* same cows were milked 
at 5.30 A.M. and 5 p.m. The fat-content of the evening’s milk 
was 3.80%, and of the morning’s milk 3.18%. It is miun- 
tained, and the above results indicate the same, that even 
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if the intervals between milkings are equal, the morning^s 
milk will contain slightly less fat. This is accounted for by 
the theory that the fat-secreting cells are more active during 
the day, when the cow is exercising. 

It is customary in Denmark, and in other countries where 
dairying is practiced extensively, to milk three times a day, 
early morning, noon, and late at night. The only reason that 
can be assigned for getting richer miik after the shorter in- 
terval is that the distension caused by the excess of milk in 
the udder retards or restrains the free activity of the fat-secreting 
cells in the mammary glands, h^xperiments also show that 
frequent milking gives a greater quantity of milk. The in- 
crease, however, is not great enough to induce the average 
dairy farmers in America at the present time to milk more 
than twice daily. The intervals between milkings, however, 
can, without any special outlay of money or time, be equalized. 

Manner of Milking. — The milk should in all cases be drawn 
as rapidly as possible, and in such a way as to cause no dis- 
comfort to the animal. The hand and fingers should be used 
in such a way as to imitate nature's method as closely as pos- 
sible. When the hand is placed around the teat, the upper part 
of the hand, or the thumb and forefinger, should close around 
the teat first, then the others closing gradually as the milk 
is pressed out. The fingers should encircle the teat without 
inserting the nails and causing discomfort to the animal. The 
Hegelund method of milking, in comparison with the ordinary 
method, has been investigated by Woll, and the results ob- 
tained were in favor of the former. 

The Hegelund method, consists of manipulating the udder 
and parts of the udder in a systematic and regular way by 
lifting and pressing the different quarters of the udder. In 
the Wisconsin University herd of 24 cows, with which Dr. 
Woll experimented, the quantity of milk was increased by 4.5% 
and the quantity of fat by 9.2%, by the use of the Hegelund 
method. 




Second manipulation, right hind- Fio. 20 —Third manipulation, 

quarter, rear view. 

cxuaTaAToro Hioblund ihethod of milking. (From Report of Kaneae State Boaid 


of Agriculture, No. 87, 1903.) 
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Mllkiiig-inachliies.*— For a long time successful milking- 
machines have been expected by dairy enthusiasts. Seem- 
mgly these expectations have been fulfilled. Many large 
dairy farmers are now operating such machines. The Bur- 
rell -Lawrence -Kenedy milking-machine and the Globe are 
two of the machines which under proper conditions and care 
have been found to operate successfully in the United States. 



In addition to the alx)ve-named milking machines the 
Sharplcss, the Ilinman, and the Hazelwood are also used success- 
fully. One of the authors has operated the Hazelwood m’lking 
machine during the last year and a half with much success. 

The co.st of installation, and care and skill necessary in 
economic operations, are factors which retard their use on the 

* Bulletin No. 92, Bureau of Animal Industry, U. S. Dept, of Agr. 

Bulletin No, 47, Storr’s Experiment Station, Conn. 

Bulletin No. 140, Manhattan, Kans. 









Guehnsey Cow {Cuhtbr's Belle, 9514). 

Owned and bred by W. 1). Hoard, Fort Atkinson, Wis. Calved when 
two years old. She produced that year 420 pounds of butter-fat. Periodical 
weigning of milk every seventh week and testing showed that she had pro- 
duced 0()49 pounds of milk containing 314 pounds of fat in eight months 
ending Sept. 14, 1905. She calved again Jan. 15, 1905. The above records 
we'e made under ordinary feeding and management such aa the whole herd 
received. 



Holstein Cow (Shady Brook Gerbin, 43753, H. F. H. B.). 
Property of M. E. Moor, (’ameron, Mo. Ilocord at St. rx)ui8 Exposi- 
tion, June 16 to Oct. 13, 1004, (120 days,) Sl()1.7 |>oundH of milk containing 
282.6 pounds of fat. Value of feed consumed $36,57. Dropped in June 
1892. Weight 1319 pounds. 






Jersey Cow (Loretta D, 141,708, A. J. C. C.). 

Owned by W. S. Ladd, Portland, Oregon. Record at St. Louis Expo- 
sition from June 16 to Oct. 13, 1904, (120 days,) ,5802.7 pounds of milk con- 
taining 280.16 pounds of fat. Value of feed consumed $31.99. Dropped 
Oct. 13, 1893. Weight 1075 pounds. 
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^average sized dairy farms. If a man keeps at least twenty 
good cows in milk at the time, and makes dairying a business, 
not a side issue, and is willing and able to care for the machine 
as it should be cared for, then the milking-machine can appar- 
ently be economically and successfully operated. The milking- 
machine question is still in a transitional period and shall not 
be considered in detail at this writing. 



Fia. 21. — De Schmidt milking-machine. 


All of the above machines are represented by their 
respective inventors and manufacturers to do successful 
work. Whether a milking-machine will ever be perfected 
which can imitate nature’s methods as closely as the human 
hands, is a question which has yet to be solved. 




An Unubgisteued but Puue-bueo Ayushihe Tow. 
rv JU n n rhiirles 111 In tlio year im)2-3, under ordinary 

,a™ «'--V <>' 

342 pounds of butter-fat. 
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According to experimental evidenop, milk drawn with a 
machine contains more bacteria than milk ^Irawn by hand. 
This is claimed to be due to the suction on the exterior oi the 
teat, and to the tubes through which the milk must pass after 
it is drawn, and to outside germ-laden air which pass through 
the pulsator into the pail. 

Fore-milk and After-milk. — The fore-milk, or the milk 
drawn from the cow’s udder first, contains much less fat than 
does the milk drawn subsequently. Tlie very first milk drawn 



Fio. 22.— Milking goata in Norway. 


appears watery and contains as little as 0.1% of fat, while 
the very last milk in the udder may contain as high as 12%. 

The reasons assigneil for this variation are (1) the milk in 
the canal of the teat, and lower portion of the milk-reser^r 
is present under such conditions as to allow creaming to proceed. 
(2) The larger fat-globules are about as large as the smaller 
milk-dusts in the cow’s udder; consequently the downward 
of these fat-globules meets with some obstruction 
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and they are drawn out only when the last milk is removed. 
(3) The fore-milk has been subjected to a re-absorption process 
of the lymphatics. The third factor perhaps plays only a 
small part in reducing the fat-content of the fore-milk. As 
the fore-milk contains so very little fat, and a great many 
micro-organisms, it is often advantageous to reject the first 
few streams of milk. Especially is this important when sani- 
tary milk is desired. 

It is in many instances customary, in order to apportion 
the calf a certain amount of milk, to first partly milk the cow 
by hand, and send tliis milk to the creamery, and then allow 
the calf to suck the remainder. The results of such procedure 
are plain, yet it is practiced to a large extent. When dis- 
covered, it has in many instances explained why a certain 
creamery patron’s milk has been testing low at the creamery. 

Age of Cow.— There is a time during the life of a cow when 
she is most vigorous and most productive. At the time she 
first calves (about three years old) the cow or heifer is still 
growing, and her milk-producing capacity is not so great then 
as it is later on, when she becomes matured. After this increase 
in quantity there is also a slight increase in quality. At the 
age of about seven years the cow is usually at her best. As 
the cow advances in age, usually the quantity and quality 
diminish. However, the individuality of cows prevents draw- 
ing any definite line. In some cows age has considerable 
effect, while in others age has but little effect. 

Lactation Period. — By lactation period we understand the 
milking period, from the time of calving until the cow is dried 
up. The first few days after calving, the cow yields milk 
which is rich in solids, not fat. The fat-content in milk from, 
most cows usually increases a trifle during the first two weeks 
after parturition. Then, when conditions are normal and uni- 
form, the percentage of fat is nearly constant for about three 
montlis. After this time the quantity decreases and the 
quality gradually increases a trifle. This applies more fully 
if the cow is pregnant. Most cows calve in the spring of the 





Short-houn Cow (College Moore). 

Owned by Iowa State College, Ames, la. She produced 9S9C.6 pounds 
of milk containing 406.8 pounds of fat duriii#^ one milking period extend- 
ing over 396 days beginning Oct, 4, 1899. Weight 1695.8 pounds. 
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year, and as a consequence milk usually tests a little higher in 
the fall. 

Food of Cows.— For a long time it was thought that tlic 
kind of food had considerable influence upon the fat content of 
milk, but later experiments in this country, as well as in foreign 
countries, have almost completely demonstrated that food has 
practically no effect upon the quality of milk. Investigators 
agree that foods may affect the fat content of milk by increasing 
the quantity of milk, without reducing the per cent of fat, thus 
increasing the total amount of fat. Ivxtensive exj)eriments 
were carried on in Denmark, where more than one hundn'd 
and fifty cows were involved in each experiment, on t(‘n different 
estates, in order to determine the effect of food upon the per- 
centage of fat in the milk. Hoots of different kinds, which 
are very succulent, wer(‘ fed witli out reducing the i)er cent 
of fat. Different concentrated feeds (oil-cake, wheat, bran, 
ground barley, and oats) were also fed with a view of increasing 
the percentage of fat, but without any noticeable effect. The 
New York Station found, through carefully conducti'd expc'ri- 
ments, that feeding tallow to cows did not increase the percent- 
age of fat in the milk. 

Soxhlet found that i)y finding tallow, in the form of an 
emulsion, for a con.siderable tinu*, he was able to increase the 
percentage of fat in the milk. The Iowa FxjHTiment Station 
also reported that the percentage of fat could be incrt'a<(‘d by 
feeding oil meal. Dr. Lindsey, at the Hatch Lxperiment 
Station, Massachusetts, recently hmnd that fat can be slightly 
increased- by the use of certain foods rich in oil. 

But on the whole, the results reached so far show that 
different foods have little influence on the percentage of fat in 
the milk. Especially Is this so under practical condi- 
tions. 

On the other hand, different kinds of foods affect the compo- 
sition of the fat itself. Gluten meal, in fact all gluten products, 
produce butter containing a high per cent of olein, and usually 
an increase in the volatile fats. Cottonseed -oil produces a 
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decrease in the volatile fate, and ma^ butter noticeably 
harder and more tallowy in appearance. , 

Environment.— Unfavorable environmental conditions im- 
posed upon a cow, such as sudden changes in temperature, 
storms, impure surroundings, and ill-ventilated barns, are 
certain to decrease the flow of milk; and if they are continued a 
few days, the percentage of fat in the milk will decrease also. In 
a general way it might be said that any unfavorable condition 
which causes a decrease in the quantity of milk will cause a 
slight increase in the percentage of fat during the first few days. 
But if the cow is surrounded with these unfavorable conditions 
for any length of time, the percentage of fat will again decrease. 
It is possible, however, by ill treatment, to diminish the fat- 
content greatly. 

Exercise, also, affects the yield of milk, as well as the quality. 
Uninterrupted, long confinement in a stall is detrimental to 
a cow’s health. For a time it shows no effect upon the quan- 
tity and quality of the milk, but eventually it will decrease 
both. However, many Danish dairy farmers keep their cows 
in the barn all winter, without letting them out for exercise, 
and it is said that this confinement has apparently no effect 
upon the quantity and quality of milk. But a proportion- 
ately large number of their cows are infested with tubercu- 
losis. Whether this is due to lack of fresh air and exercise, the 
authors cannot say. 

Too much exercise is adverse to producing the most and 
best milk. If a cow is kept in the barn every day, half an 
hour’s exercise, preferably out of doors, when weather permits, 
seems to give good results. A small box-stall for each cow, or 
a well-bedded shed for them to stand or lie down in after feeding, 
are favorable conditions for getting the proper amount of 
exercise, especially during cold weather. 

Change of location, fright, sudden shocks, and nervousness 
are conditions from which the cow must be kept, in order to 
do her best as a milk-producing animal. 
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Conditioii of Cow. For some time it has been known that 
the test of the milk secreted by a fat cow during the first weeks 
after freshening contains a high per cent fat. 

Prof. Eckles of Missouri University has obtained some 
definite data on this point. He reports that the milk from 
a fat cow tests as follows: 
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The same authority has reported that when a milch cow 
begins to lay fat on her own Ixxly there is a tendency for the 
per cent fat in milk to diminish. 
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RECEIVING, SAMPLING, AND GRADING MILK AND CREAM. 

Receiving and Grading of Milk and Cream. — The man 

who receives and samples milk at a creamery should be 
accurate and quick with figures, have ability to grade and 
select milk, and to stimulate interest in the production of 
good milk. He should also be able to reconcile and satisfy 
patrons. Tlie method employed in some creameries of allowing 
a boy with immature judgment to weigh and sample milk 
should not be tolerated. The person who weighs and samples 
milk and cream comes in direct contact with the patrons. 
Therefore, he is a strong factor in preserving the best interests 
of the creamery. In many of the best butter and cheese factories 
in the country (he head maker or manager in charge is usually 
found at the weighing can. This gives him the opportunity 
of studying the raw material from which he is expected to make 
a high grade of butter or cheese. Some of our large central 
plants pay the highest salary to the man who has the ability 
to properly grade the cream and prepare the starters. This 
requires a fine sense of smell and taste, which is not possessed 
by every one. 

The first step in the receiving of milk is to ascertain the 
quality of the milk delivered by the patrons. It is now a 
recognized fact that the best butter cannot be produced from 
defective or abnormal* milk or cream, no matter how many 
improved methods are employed in the manufacture. In view 
of this, and the knowledge w^e now have of the transmission 
of undesirable germs from one sample of milk to another, and 
also the probability that some of the patrons will deliver poor 
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milk, it is essential that the milk or cream be graded when it 
is delivered at the creamery. 

In the grading of milk or cream, different methods can be 
Ujiqd for detecting, abnormal milk: (1) throng the senses, 
tastes, sight, and smell; (2) by the acid tests; (3) by the fer- . 
mentation test; (4) by heating; (5) by the Babcock test and 
the lactometer. 

I. Detection of Abnormal Milk through the Senses. — In order 
to detect the different kinds of defective milk, one must be 



Fig. 24. — ^The Twentieth-century can-washer. 

endowed with acute senses of smell, taste, and sight. ' Wh^n * 
the%iilk is in a good condition, it has a pleasant smell and 
BW^t^ taste, and appears normal. If it has a disagreeable 
^sm^ aftd taste it cannot produce good butter or cheese. As 
H rule, the quantity qf defective milk brought into the aver- 
a^ dk'eittnery is much in excess of that of really perfect milk. 
Ai a i^hsequence it would not be practical to separate all 
the defec1;ive milk into one class and the perfect into another. 

; JDbp <|u«stion ad to where the line shoiflds be drawn ^tween 
^ mediuln,^ fUfd veij bid^milk or qreanv must diepend 
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Upon the judgment of the receiver, and in a great* measure 
upon the local conditions. Some of the creameries have no 
facilities for handling different grades of milk, and some sell 
butter on a market where no sharp distinction is made between 
good and poor butter. Others have, through experience, sat- 
isfied themselves that under American creamery conditions 
it does not pay to make too many grades, nor does it pay to 
grade too closely. Two, or at the most three, grades of but- 
ter can at times be manufactured in one creamery profitably. 

It is advisable to reject sour and abnormal milk. If accepted,! 
it should not be mixed with the remainder of the milk, as it 
might contaminate all of it; or, the sour milk nught cause 
coagulation, and thereby clog up the separators. If a calf of 
milk is sour, but otherwise clean, it is not necessarily uaift 
for the production of first-class butter. If retained until after 
the sweet milk has been skimmed, it may be run through 
the ^parator successfully. 

2 , lrhe Use of Acid Tests.— Some creameries, especially 
the larger central cream plants, are now grading the niilk or 
cream according to the amount of acid it contains. For instance, 
cream or milk containing .2% acid or leas is classed as first 
grade; that containing from .2 to .4% as second grade, and 
the cream containing more than .4% acid as third grade. 
Mann's and Farrington’s acid tests can both be used, but a 
more rapid and convenient way is to use a solution prepared 
from Farrington’s tablets. The solution is prepared *#y taki^ 
one tablet for each ounce of warm water and allowing the , 
tablets to dissolve. When one part of this alkaline solutira 
and one part of milk are put together in a cup an tn 
and the solution still retains a pink color, it shows that there 
is lees than .1% acid in the sample tes^pd. If two P«t» of 
alkali and one part of milk are mixed and the mixture rftn^ 
pmk, then there is less than .2% of acid. If the murture 
colorless, it shows there is more than .2% acid m the s^te. 
If toe measures of ^kalf to one measure of miUc «« 
and the'mikture remains pu^, that indicateO , 
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less than .3% of acid, etc. By means of such a test the acidity 
can quickly be determined. 

The sample cups should be numbered to correspond with 
the number of each patron. The results of the tests should 
be noticed at once, as the action of the atmosphere affects 
the color. 

The acid tests are of value in grading cream, as a sour 
sample of milk or cream is either old or has been improperly 
kept and handled. The number of grades of cream and milk 
and the maximum limit of acid each grade can contain, are 
factors which must be decided according to local conditions, 
by the operator. 

3 . Use of the Fermentation Tests.— Curdled, ropy, red and 
blue milk can, as a rule, readily be detected without the appli- 
cation of a special test, but there are cases when a person’s 
senses are not sufficiently acute to detect samples of milk 
containing undesirable fermentations. Several instances have 
recently come within the authors^ notice. A neighboring 
creamery was infested with a peculiar fermentation that 
caused a very rank flavor in the butter. The milk that came 
to the creamery was carefully examined, but without locating 
the source of the trouble. The cause could not be ascertained 
without the use of the fermentation test. 

It is in such instances that a fermentation test is of special 
value. As a rule, at least when thq trouble first begins, it is 
milk from one particular patron that causes the trouble. This 
milk may apjx^ar to be normal, and yet contain germs which 
are very undesirable for the manufacture of the best quality 
ojf butter. 

FerrnerUation Te <.s.-~There are two tests which may be 
of general use; namely, the “ Wisconsin Curd^ Test ” and 
the “ Gerber Fermentation Test.” The former is used in 

(kese tones, kl tk lattei is to be TetomsaeiiM k ksbm?, 

milk for butter-making. 

Gerber Test. — This test consists of properly made glass 
tubes which fit into a rack. This rack, containing the bottles, 
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fits into a small round tin tank, which is kept about two-thirds 
full of water. The temperature of this water can be con- 
trolled by means of a lamp kept burning underneath, or by 
the use of steam. The milk from the dififerent patrons is 
put into the glass tubes, and these tubes numbered so as to 
indicate to which patron each belongs. The temperature 
should be kept at about 104 to 106® F. for about six hours. 
Then the tubes are taken out, the milk shaken, and the appear- 
ance, smell, and taste of the milk noted. The tubes are warmed 
again for about another six hours, when they are again examined. 
If any samples contain a preponderance of abnormal ferments, 
the fact will usually appear in lass than eighteen hours. If 
milk does not coagulate in twelve hours, or become abnormal 
in some way, it is supfx)sed to be good. 

The special apparatus mentioned above is not absolutely 
essential, nor is the temperature employed considered by the 
authors to be the most suitable to give reliable results. Ordi- 
nary sample jars can be used, instead of s})ecially prepared tubes. 
After the milk has been placed in the jars they can be kept 
in any convenient place, at a temperature of about 98® F. 
The best place to keep them is in a vessel containing water, 
the tem{>erature of which can be controlled. 

Wisconsin Curd Test, — This test consists of taking some 
milk in a jar and adding about ten drops of rennet, which 
coagulates the milk. The sample is allowed to stand until 
the curd hardens, then it is cut into small pieces with a case 
knife; the whey is drawn off, and the curd allowed to stand 
at a temperature of 98® F. If there are any undesirable forms 
of bacteria present, they will reveal themselves by developing 
small holes in the curd, usually accompanied by a bad odor. 

This test is a very ingenious one for cheese-making. In 
butter-making the Gerber Fermentation Test, or a similar one, 
is more convenient. 

4. Grading Milk by Heating.— This test is not used very 
much in creameries; but in cheese factories the heating of 
imik in order to ascertain its suitability for cheese-making is 
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practised to a considerable extent. This test is in commofi 
use in Canada. It consists of heating a small sample of the 
milk to be tested to 120® F. If it will stand this temperature 
without coagulating, it is considered to be good milk. If it 



Fia 25 — Troemner'a Babcock creatn>te8ting scales. 



Fio. 25. — Tortion cream te«t- 
iitg Hcales. 



Fio. 27.— Troemner’s Hal)- 
cock cream-testing scales. 


coagulates when heated to this temperature, it is too sour 
to be used for cheese. 

This heating may l)e considered an acid test. When milk 
contains about .3% acid, it usually coagulates when heated. 
It should be borne in mind in this connection that different 
samples of milk do not coagulate when containing exactly the 
same amount of acid, and at the same temperature. Some 
samples will coagulate upon heating when containing lit^ 
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less than . 3 % acid, while others will not coagulate until more 
than . 3 % acid has developed. 

In practice the temperature (120® F.) is not always considered. 
A small portion of the sample to be tested is put into a tin cup. 
The cup containing the milk is put into hot water or over a jet 
of steam. WTien hot its characteristics are noticed. 

5 . Use of Babcock Test and Lactometer.- These tests are 
of special value in detecting watered or skimmed milk. When- 



Fio. 28.— Acid cartxjy trunnion. Fio. 29. -- Acid hydrometer. 

ever a sample of milk appears watery or blue, it is fair to presume 
that water has been added. The U^st for specific gravity and 
the test for fat can then be applied to such samples of milk. 
As a rule composite samples are taken daily at creameries, and 
the patrons paid according to the fat delivered. For this 
reason water adulteration is not very conmion at creameries, 
but is practiced to a greater extent in the milk-supplies of 
cities. The use of the lactometer in connection with the Bab- 
cock test has already been referred to under the heading of 
** Specific Gravity of Milk.'^ 
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There are two teats commonly used for determining fat in 
milk, ,viz., the Babcock and Od-lest Churn. The latter method 
is rapidly giving way to the for,ner. The Babcock test is un- 
doubtedly superior, though many still prefer the Oil-test. 

f1 



Fi«. 30.-~'17.Ccc iTiilk I'lr. ;jl -Automatic Fio 32— Automatic 
pipette. 17 Gc c pijwtte Ruasian pipette. 

The Bal)cock niethod (if test ing consists of taking 18 grams of 
the sul)8tancc to l)e tesU^d into a special graduated bottle as 
shown in illustration. Milk is measured out with a pipette hold- 
ing 17.6 c.c. Cn^am, flutter, and cheese, or any other substafel 
which cannot be measured atxurately, should be weighea. 
The measured quantity of milk in the bottle is then digest^ by 
adding 17.5 c.c. of commercial sulphuric acid having a specific 
gravity of about 1.82. The acid digests all proteids and sets 
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fi«e the fat. The contenls of the bottle should be well shaken 
at once after the acid has been added. i 

The bottle with its contents is then whirled about five 
minutes in a centrifugal machine at a rate depending upon the 
diameter of the machine, usually about 850 to 1000 revolutions 



Fio. 33. 
Skim-milk 
test-bottle. 



Fig 34. Fig 35. Fio. 36. Fio. 37. 

Whole-milk Cream test- 9-gram cream Ci^ 

test-bottle. bottle teet-bottle. test-bottle. 


Babcock Test-bottles. 


per minute. The machine is then stopped and filled to tl» 
neck of the bottle with pure hot water. Distilled water is 
^ferml. The bottles are then wliirfed two minutes, and 
Kt water added again until the fat rises in the neck where it 
'caii''be read. The bottles are then whirled again for about om 
minute. The machine is then slopped and the fat read in 
neroentage direct from the botae. By using a pmr of dividers 
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the reading may be facilitated. The temperature at the time of 
reading should be between 120® and 140® F. 

There are three very common defects in the clearness of fat 
reading: (1) The fat contains black, charred, flocculent matter 
at the bottom of the fat colunrn. This is commonly caused by 



Fio, 38 Kio. 39. Fio. 40. Fio. 41. 

Warner’s skim- Ohl^n’s skim- Butter test-bottle, and Russian Babcock 
milk iKittle. milk i)ottle. funnel which holds test-bottle and 
(Both with pneumatic fat- about 9 grams of reading-tube 

indicator (pat,).) butter. 

using too much or too strong acid or mixing milk and acid at too 
high a temperature. The remedy is to use less acid or to 
cool milk and acid before mixing. The black charred matter 
may also be due to allowing the acid to stand in contact with 
the milk too long a time before mixing or by pouring aci4 
through the center of the milk. (2) There may be a layer of 
white flocculent matter at the bottom of the fat column. This 
is due to not having used enough acid or to the temperature of 
milk and acid being too low or to not mixing the acid and rniUr 
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thoroughly. The remedy is to use more acid, or to warm milk 
and acid before mixing, or to shake the mixture thoroughly 
before whirling. (3) Occasionally there is a layer of impure 
foam at the top of the fat column. This is generally due 



46. — Tho oil-test chum. 


to the use of hard and impure water. The remedy is to use 
pure distilled hot water. For more detailed information on 
this subject see ‘^Testing Milk and its Products,^’ by Farrington 
and WoB. 

Sediment Test —At times milk contains sediment or foreign 
insoluble material. Milk should be free from such impurities. 
Producers of the raw material are not always conscious of the 
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necessity of producing clean milk, and of the effects of impuri- 
ties upon the finished prociucts. 

These sediments may be seen on the bottom of a ghvss jar 
after the milk has stood qiiietlv for several hour'«. The Ix^tter 
way of showing these sediments is to use the Wisconsin Sed- 



Fig 47 — Wiasard tester, 

imentation Test. The container of this t(‘st holds alx)Ut one 
pint of milk. A screw cap fits over the top. Hy means of a 
small air pump, pressure can lx? applied and the milk forced 
through a disc or filter. This disc is removable and the filtered 
out dirt on the surface can thus be .shown. 

Necessity of Good Milk.— All authorities agree that the best 
grade of butter and cheese cannot be made from sour or tainted 
milk. The two countries renowned for the excellence of their 
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dftiry products — Deninark and Canada owe their success 
largely to the purity of the milk furnished by their patrons. 
Mtdeers who have won for themselves national reputation in 
cheese- and butter-making have almost invariably been men 
who insisted on getting first-class milk. Badly tainted milk 



Fia. 48.--8peod indicator. Fio. 49.— Twentieth-century hand tester. 



Fia. 50. — Russian l^bcock tester. 


rfiould not be manufactured into food. The method of clasfflfy- 
ing milk and cream and paying for each according to quality 
has been adopted by ^me creameries, especially by some of 
the large central plants. The object of this is to induce those 
patrons who are sending poor milk or cream to furnish a better 
grade. It seems more practical with milk than with cream, 
because the average maker dislikes to reject a can of cream, 
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owing to the loss the patrons would sustain. If such cream is 
received, it should be churned separately, and the butter marked 
and sold on its merits. The practice of taking in poor milk 
and cream should be discouraged. One of the authors has 
come in contact with many patrons in different parts of the 
country and has yet to find the first patron who seriously 
objected to taking his milk back home when he was thoroughly 
convinced that it was not in good condition. Patrons as a 
rule respect the maker who keeps his creamery in a good sanitary 
condition and insists on getting good milk. It should W tlu' 
aim of every creameryman to make the liighest grade of butter 
possible. 

Sampling of Milk. — The sampling of milk and cream for 
fat tests is one of the most delicate problems with which the 
creamery operator has to deal. If a profx^r sample is not 
obtained, the ultimate test will not be correct, no matter how 
carefully the succeeding sk*j)s may l)e carried out. There are 
two methods of sampling in use: First, sampling with a small 
dipper, and second, sampling with a sample-tube, or milk- 
thief. The sampling of milk for composite sam])les should be 
done every day, and the samples taken should mpr(;s(mt the 
average (|uality and form a certain projxjrtionate part of the 
milk or cream delivered. 

In order to get a sample which represents the average quality, 
the milk or cream delivered must l)e thoroughly stirred, so as 
to get an even distribution of the fat. 

In order to get a proportionate part of the milk or cream 
delivered from day to day, it is necessary to use a sampling- 
tube. 

The sampling of milk or cream with a dipper for composite 
samples been in use so long that thjp method has become 
very general. If composite samples are not kept, and the 
testing of each patron’s milk is done every day, the dipper 
meth^ of sampling answers the purpose. If thick cream is 
being delivered, the dipper may be found to work better than 
the sampling-tube, as the cream in some cases may be so viscous 
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that it will adhere to the sides and ends of the tube, and in 
that way prevent the cream from entering. The sampling- 
tube may also retain some of the thick cream on the inside 
and if not rinsed out properly each time, the adhering cream 
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Kio. 65. — The McKay croom and Fio. 66. — Cream sainplmg'tube. 

milk sampler. 

is likely to interfere with getting a fair sample of the succeeding 
lot. If the sampling-tube is rinsed in hot water each time, this 
probable mistake will be obviated. 

Sampling-tube* — At creameries where milk is received, 
the sampling-tube, or milk-thief, gives the best results and 
satisfaction. It is very difficult in practice to get a propor- 
tionate sample with a dipper, from day to day. To illustrate: 
A patron who delivers 200 pounds of milk testing 3% fat one 
day may on another day deliver 100 pounds of milk testing 
b% fat. If a dipperful is taken from each for a composite 
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sample^ the test of that composite sample will be3+5-f2, 
or 4%. According to this test, these 300 pounds of milk 
delivered will contain 12 pounds of butter-fat. In reality 
6 pounds of fat were delivered in the 200 pounds, and 5 pounds 
of fat in the 100 pounds, making a total of 11 pounds of fat. 
Thus we see that the dipper method is not reliable, and in this 
case the patron was paid for 1 pound of butter-fat too much 
for the two days’ delivery. If the sample taken from the 
200 pounds of milk had been twice as great as that taken from 
the 100 pounds of milk, then the composite test would have 
l)een perfect, no matter whether it had lxH‘n taken with a 
dipper or with a sampling-tulx‘. If the same weighing-can 
k used every day, then an exact proportion for a sample can be 
maintained, if the sampling-tube is put down perpendicularly 
into the milk every clay at the same place in the weighing-can 
and otherwise carefully taken. 

In case the cream is being collected from different patrons 
by a hauler, a milk-thief often works unsatisfactorily. Tliis 
is especially true during cold weather. A cream tube similar 
to the one shown in the accompanying illustration is more 
effective. The way in which the tube is used is apparent from 
the figure. If a certain patron has 40 pounds of cream, the 
cream is filled to the 40 mark on the scale of the tube. If he 
has 30 })ounds, it is filled to the 30 mark, etc. 

Sampling Churned Milk.— It occasionally happens that the 
milk arrives at the creamery slightly churned. Tliis is espe- 
cially the case during the summer. Usually such milk is 
sampled in this condition, but if it is desired to find the per- 
centage of fat in such milk in its unchurned condition, it is 
essential to melt the churned fat before sampling. If the 
butter has been churned into a few large lumps, these lumps 
can be taken out in a pan, or pail, with a comparatively small 
amount of milk, and this heated until the butter has melted. 
Then this is remixed with the milk from which it was first 
taken, and sampled while it is being stirred. 

The churning of the milk during transit is mainly due to 
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two things: First, to a high temperature of the milk (65® to 
85® F.), and secondly, to hauling partly filled cans a long distance 
over rough roads. If the temperature of the milk is low (about 
50° F.), when it leaves the producer, then there is seldom any 
danger of having churned milk at the creamery. 

Frozen Milk. — Wh(m milk is cooled to 31° F., or below, the 
milk freezes. Ice forms near the sides and bottom of the can, 
until a funnel-shaped cavity filled with milk is left in the center. 
According to both Richmond and Fleischmann, the icy por- 
tion contains more water than the unfrozen milk, and the 
unfrozen portion is rich in solids. According to Farrington, 
when 2b% of the sample of milk was frozen, the icy portion 
contained about 1% less fat than the original portion. When 
about half of it was frozen there w^as no great difference in 
the fat -content of the frozen and unfrozen parts. 

In practice, however, it seems to be different. When a 
can full of partly frozen milk is sampled at the creamery, the 
unfrozen milk nearly always contains less fat than the original 
sample. This can be accounted for by opening the can of 
milk and noting the amount of frozen cream on the sides near 
the top. Whether the unfrozen portion contains less or more 
fat than the original dei)ends, therefore, upon conditions. At 
any rate, frozen milk has a composition different from that 
of the original sample. On this account an accurate sample 
cannot be had, unless the frozen portion be first completely 
melted and well mixed with the remainder. 

Sour and Coagulated Milk.— In order to get a fair sample 
from a can of sour and coagulated milk, it must be stirred 
very thoroughly, so as to bring the coagulated milk into a 
uniform enmlsion. A better sample can usually be obtained with 
a dipper. If the milk is not too thick, a fair sample can be 
obtained by the use of the sampling -tube. In order to reduce 
a can of coagulated milk to a thoroughly uniform quality, it 
is best to pour it from one can into another. This mixes it 
much more completely than if the sample were simply stirred 
with a dipper or any other kind of an agitator. 
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Apportioning Skimmed Milk.— The amount of skimmed 
milk to. be received by the patron depends largely upon the 
thickness of cream skimmed, and upon the amount of skimmed 
milk retained at the creamery for various purposes. The 



Fig. 57. — Check-rack. 



Fig. 58 —The Ideal skiin-milk weigher. 


amount of skimmed milk generally returned by creameries 
varies between 80 and 90% of the whole milk delivered. 

Most up-to-date creameries now make use of skimmed- 
milk weighers. WTiere such are employed the man, who receives 
the milk, hands each patron a check for the amount of milk 
delivered. This check is put into the skimmed-milk weigher, 
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and it allows an amount of skim-milk to flow out, correspond* 
ing to the number of pounds indicated on the check. 

In case a skimmed-milk weigher is not employed, it is 
essential to have a man at the skim-milk tank to weigh 
out the pr()p(3r amount of skimmed milk to each patron. If 
the patrons are allowed to weigh out their own skimmed milk, 
mistakes are frequently made, which result in more or less 
dissatisfaction. It is quite customary for butter-makers to 
draw a chalk line on the outside of the can some distance 
1 j(;1ow the surface of the milk. This indicates the point to 
wliicli the can may 1 k‘ filled with skimmed milk 

Washing Cans.— Tlie creamery of)erator sliould make it 
a jxjint tx) liavc all (‘injity cans thoroughly washed, first with 
warm water, and tlieii stoamed and stcirilized; after which 
hot air should Ixi blown through to thorouglily dry the cans. 
Fr(‘(iuently, bad flavors are transmitted to cream from cans 
that liave Ikumi closed up tight Ixdore Ixang thoroughly dried. 
Wi(‘r(; hot air is not us(‘d, the cans can be turned up-side down 
on a platform with o|)ening.s so as to allow air to circulate througli 
the cans, drying Wmn thorouglily Ix'fore ])lacmg tlie covers on. 

Drying cans tus alxive described not only consc^rves the tin 
of tlie cans, but also places the cans with the patrons in a clean 
condition, free from bad cxiors. It also saves considerable 
work on the jiart of tlie patrons, lus well as insuring them a clean, 
sanitary can. 

One patron told the author that this cleaning of the can wai 
worth one cent |>er (xiund of butter-fat to him. The creamery 
is equipped to do this can-cleansing better than is the patron, 
and he is repaid for this extra labor in a better grade of cream 
and in increased patronage. 
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COMPOSITK SAMI'LRS. 

Definition.— In order to avoid tostinp: each patron s milk 
or cream every day for fat, a small sam[>l(‘, which repre^stmts 
the average quality and a proportionate' j>art of the whole, is 
taken from eaeli patron’s milk evt'ry day and ])laced in a jar. 
A preservative of some kind is ])reviously added, which k(‘epa 
it from spoiling. This is called a composite samph*. 

When to Sample.— Some makers ])r('fer to sample the milk 
or cream deliveTcd every day; others j)refer to sample (‘V(*ry 
other day. Some creamery operators, again, sample four or 
five times in succession at intervals, tlu' patrons being unaware 
of the time when the sampling is to take place. The most 
reliable and practical method, however, is to take a sample 
every day, and t(‘st it for fat at the end of (‘V(‘ry two weeks. 
When cream is received it is not reliable to lake composite 
samples. 

Kind of Preservative to Add. — A number of difTerent })r(‘- 
servative^s are now in use, and diffenait on(*s are Ix'ing n'com- 
mended for creameries and chee.se factories by various authori- 
ties. Even a few of the Ik'sI authorities differ as to which 
one of the preservatives gives the best results. 

Among the most common of the milk preservatives, and 
less poisonous than certain others, are salicylic acid, l)orax, 
boracic acid, and bicarbonate of soda. Among the* more vio- 
lent fKiisons and strong preservatives are formaldehyde and 
its com{)ounds, chloroform, corrosive .sublimate, and bichromate 
of {xitash. Bichromate of |X)tash and corrosive sublimate are 
the tw'O most commonly used in pre.servdng composite .samples. 
The former is recommended highly by Farrington & Woll on 
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account of its relative harmlessness, its cheapness, and efficiency. 

While bichromate of potash is relatively efficient in its 
preservative effect, and not so poisonous as some of the others, 
it does not give as general satisfaction as does corrosive sub- 
limate (mercuric chloride), unless relatively greater precau- 
tiiMiB are taken. If the composite samples preserved with 
IpOTomate of potash are left standing in the light very long, 
a leathery scum forms on the top, which is very difficult to 
dissolve in the sulphuric acid. This is claimed to be due to 
the reducing influence of light on chromate solutions. If too 



much bichromate of potash is added, the suljdiuric acid added 
digests the curd with difficulty. AVh(*n the sulphuric acid is 
added the curd is precipitated into a heavy, gray-colored coag- 
ulum, which dissolves with difficulty in the acid. 

According to the authors' experience, corrosive sublimate 
tablets can l)e highly recommended. The tablets contain a 
color, which, when dissolved, colors milk, so that it can readily 
be distinguished as not >ing fit for human food. Tlie tab- 
lets are very poisonous, but arc more efficient in their preser- 
vative effect than bichromate of potash. They can be obtained 
from any creamery-su[)ply house. 

During the winter, when the samples are kept comparatively 
cold, less preservative is needed than in the summer. One 



61^ ^TeBting-room. showing arrangement of sample bottles. (Continental Creamery Co.) 
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corrosive sublimate tablet will keep a half-pint to a pint of 
milk or cream in good condition for about two weeks in summer, 
and about three weeks in winter, providing the sample is properly 
cared for. Some makers are practicing testing at the end of 
every month during the winter, and every two weeks during 
the summer. Tcjsting at tlie end of every month saves labor, 
but it is not a reliable method to follow under all conditions, 
as some of the samples are likely to be somewhat impaired 
after standing so long. 

Arrangement of Composite Samples. — Pint glass jars with 
covers are, so far as known, the most convenient vessels to 
ase for composite sam])les. Sh(‘lves should be arranged in the 
weighing-room on which to keep the bottles. If possible, it 
is l)cst to have tliem in a case closed with glass sliding doors. 
This is neat, and, if the glass doors tit w(‘ll, the samples are in 
some measure protected in case of tjuick, unexpected changes 
in ternperatun*. Th(‘se sliding doors should be locked w'hen 
the ert^amery operator is absent from the creamery, in order 
to prevent any tampering with tlie composite samples. 

The lx\st tnethod of arranging the sample jars is to have all 
the jars Ixilonging to the patrons of each mute standing in 
one group, or on ouv shelf together, if possible. The bottles 
arc numlK'RHl to corri'spond with the numl)cr given each patron 
on the milk sheet. The name of the hauler, or the number 
of the route, can l)e put on each shelf. The samples be- 
longing to those who haul their own milk can lx* put on another 
shelf. Thew* can lx* designat(*d as individual haulers. Such a 
classification, wlicn the bottles are plainly numlx*red, will often 
prevent the mistakes that are likely to occur if the bottles are 
simply numl3er(*d and put into a rack together. 

Care of Composite Samples.— In the first place the jars should 
be kept 8cruj)ulously cH'an. It makes the test unreliable if 
the jars am left covered with milk and molds round the neck 
from one month to another. When the samples have been 
tested the jars should lx* thoroughly cleaned, and, if necessary, 
scalded, before tlicy are used again. Care should be taken to 
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spill as little milk as possible around the neck, iaside as well 
as outside, of the bottle when the sample is put in. If the 
milk is spilled there, it makes an unattractive ap})earance. 
Very often it Ix^comes moldy, and, as more milk is added and 
the sample shaken every day, this mold gradually (‘xtends 
down the sides of the bottle. This causes the comi)osite sjimple 
to be infested with undesirable growth, and to spoil sooner than 



Fig. 62. — ^Testing-room in Model Dairy, 8t. Louis Exposition. 
(Chicago Dairy Produce ) 


it would if greater care were taken in keeping the milk from 
coming in contact with the sides of the Iwttle, before coming 
in contact with the pn^servative. 

It is important also that the sample jars be well covered, 
otherwise the moisture evaporates and causes the milk or cream 
to dry up. It also makes the test unreliable by increasing the 
per cent of butter-fat. A gentle rotary motion should be 
given each jar when a sample is added to it to mix the cream, 
which rises to some extent after the milk has stood a while. 
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Average Samplc.—It is sometimes desirable to obtain an 
average test of the milk from a whole day’s delivery. This 
can he obtained in two ways: First, by taking a sample from 
each patron's milk with a sampling-tube, and putting it all 
together in one jar. The result represc^nts an average test, pro- 
viding the samples have be(’n correctly taken. 8(*cond, an aver- 
age test can be had by boring a small hole in the conductor-head. 
When the milk passes over (his hole, a small portion of it 
drops through. A vessel of some kind can be put underneath 
to catch the drops. Such a drip-sample will represent very 
accurately the av(‘rage rjuality of the milk received at the 
ert^amery. If it is desirable to keep this sample, a preservative 
can be add(‘d to it. 

Composite Sampling without the Use of Preservatives. — 

Pipettes can he oblairu'd holding 5.87 c.c. of milk. I'hese are 
one-third the size of the ordinary 17.0 c.c. pipette used for 
the Babcock test. With this small pipette a sample may be 
taken every day from each patron’s milk, during three suc- 
cessive days, and emptied into the same test-bottle each 
day. At the end of three days the samples may be tested 
and the lx>ttles cleaned, ri'ady for iLse again. 

Accurate^ composite samples may be obtained in this way, 
providing the sample in the pipette is correctly taken each 
day. No preservative is needed. The preservatives are added 
to the composite samples to prevent curdling. The test-bottles 
may be placed on a shelf, or preferably in a rack made to hold 
them. They should be marked in such a way as to identify 
them. A good way is to mark them the same as the com- 
pomte jars, the numlx^r on the jar corresponding to the number 
on the milk-sheet for each patron. 
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CHKAMKUV (’AL('rLATI()N. 

Find the Average Per Cent of Fat.~ In (•jil(‘ulating the 
average per cent of fat from a nurnlKT of cows, or the milk 
furnished by the different patrons, th(‘ mistake of adding the 
tests of all the samples together and dividing tlu' sum by the 
total numl)er of samj)les tested is often made. Milk from 
different patrons, or from different cows, will always vary, 
some in quality and some in quantity, and in oriler to g(‘t a 
correct average test, both quantity and quality must Ix' taken 
into consideration. The wrong way of calculating the average 
percentage may Ix^ illustrated as follows: 


Sample. 

Milk Delivered. 

Per cent Fat. 

1 

.50 IbM 

.5 0 

2 

1(K) “ 

4 5 

3 

r)(M) “ 

3 0 

4 

3(X) “ 

3.5 

4)10% 


4 

The average test, according to the wrong metluxl, =-4%. 
The correct way of calculating the average jxTcentage may 
be illustrated as follows : 

Sampla Milk Delivered. Percent Fat. 

1 rO lbs ,'i 0 - 2 .5 lt)H flit 

2 100 “ 4 4 r> “ “ 

3 500 “ 3 0»15 0 “ 

4 300 “ 3.5-10 5 " “ 

950 lb6. 9.%)32 5 lbs fat 

3.42 
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The average test, according to the correct method, is 3.42%. 

It will l)€ seen from the example quoted that there is a 
differcnce of more than .5%. If the percentage of fat or 
the nundxT of j}ounds of milk is uniform, then it does not 
matter which of the two ways illustrated above is used. But 
as uniformity in either of these respects scarcely ever exists 
in practice, the only correct way of calculating the percentage 
is to find the total number of fK)ands of fat and divide it by 
the tf)tal number of pounds of milk; the result is .0342, wliich 
may \>e written 3.42%. 



FlO. 63. — A Russian co-operative creamery in Siberia. 
(U. S. CJovcruincnt Bulletin ) 


It is very common for emamery patrons to tost the milk 
from each of their cojvs, then add the tests together and divide 
by the total numl>er of cows tested. The result they will 
call the average test, and fn^quently such tests are made use 
of as evidence against a creamery operator to prove that his 
tests at the creamery were not correct. The fallacy is evident 
from what has been said above. 
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The same mistake is also likely to be made in finding 
the average test from several creamery-plants and skimming- 
stations. 

Calculation of Overrun. — The amount of overrun is tlie 
difference between the amount of pure butter-fat, and the 
amount of butter nianufacturc'd from that given amount of 
fat. This difference, divided by the amount of fat and multi- 
plied l)y 100 will give the percentage of overrun. The calcu- 
lation of the overrun in the creamery sliould always be made 



Fiq, 64. — A Cheshire creamery, England. (London Creamery Journal.) 


from the fat-basis on which the patrons are Ixing paid. If 
the fat is delivered in tlie cream, the overrun should b(‘ calcu- 
lated from tlie fat in the cream. The ov. irun calculat(‘d from 
the composition of th(‘ butter manufactured would not lie an 
indication of the correct overrun, as tluTC might Ix^ sc'rious 
loss(^s of fat sustained during the different steps in the manu- 
facture, such as from ineflicient skimming, incomplete churning, 
and general losses in the crc'amery. It is |K)Ssible tliat butter 
might show a high content of the subiftances not fat, and 
yet not show a good overrun on account of losses; while butter 
containing only a medium high moisture-content might show 
as great or greater overrun on account of thorough and efheient 
work during the different steps of manufacture. 
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The amount of overrun depends upon; 

1. Thoroughness of skimming. 

2. Completeness of churning. 

3. General losses in the creamery. 

4. Composition of the butter manufactured. 

The theoretical overrun, however, may be quite accurately 
calculated from the composition of the butter manufactured 
in a well regulated en'amery. In creameries where the con- 
ditions of separation and churning arc almost perfect, the 
amount of fat lost in the buttermilk and the skimmed milk 
is (juite constant from day to day, and should not exceed .1% 
in the skimmed milk and . 2 % in the buttermilk, according 
to the Babcock test. Basing the calculations upon the above 
figures, the tiieoretical overrun may Ix^ calculated from the 
CO iqmsition of the butter as follows: 

If, for instance, we start with lOOO pounds of milk-testing 
fat, there will be a total of 40 })ounds of fat. If we skim 
32 cream from 4% milk, we should have or J, of it cream, 
and the remainder skim-milk, or 125 pounds of cream and 
875 pounds of skimmed milk. If there were .1% of fat in the 
skimmed milk, tlierewouki i)e a loss of .875 pounds of fat during 
skimming. Tliere would then be 30.125 pounds of fat in the 
125 iM)unds of cream {40 -.S75--3t).125). If 10^/^, of starter 
were add('d to tlu* cream we should get 137.5 pounds of cream 
testing 28.4^\’ . (125 pounds cream X 1.10= 137.5 pounds cream; 
39.125 -r 137. 5 2S.4<;, fat.) By churning this cream we 
should obtain about 100 j)ounds of buttermilk. If it tested 
. 2 % fat then* would l)o a lo.ss of about .2 pounds of fat, making 
a total loss of fat in skim-milk and buttermilk of 1.075 pounds. 
Subtracting this total loss of 1.075 from 40 pounds we would 
have 38.025 pounds of fat left to be made into butter 
(40-1.075- 38.925 pound.s of fat). If the butter on anal)rsis 
proves to (‘ontain 82^';,> fat, the total number of pounds manu- 
fac tun'd will lx* 38.925-: 82=47.47 pounds of butter. 47.47 — 
40*^7.47 |X>unds thtx)retical overrun, and 7.47 +40X100= 18.7% 
overrun (tliwretical). 
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It is evident that the losses of fat will vary according to 
the different conditions. The riclicr the cream, aiul the less 
fat in the whole milk to be skimmed, the mort' skim-milk there 
will be; the thinner the cream, and the mon‘ fat tliere is in 
the milk to be skimmed, the less .skimmed milk then' will k', 
and consequently with the same skimming ediciency less fat 
will be lost in the skirn-milk. TIk' thinner the crt'am is the 
more buttermilk there will be. These conditions must be left 
for the operator to govern according to the conditions presi'iit. 

The actual amount and pr cent of ov(‘rrtm as det('rmined 
in creameries is calculated as de.scribed j)rt‘viously. The 
formula is as follows: 


Butter-fat 


fat 


— X 100--- per cent of actual overrun. 


Calculation of Churn-yield. — Instead of ex])r(*ssing the in- 
crease of butter over that of fat in tin* ]»ercenttige overrun, 
as above, it is often customary among cnauiKTymen to speak 
of the “churn-yield.'^ J'or instance, th(‘y say that their test 
was 3.90, and their churn-yield was meaning that on the 
average each 100 ])oun(is of milk contained 3.9 pounds of 
fat and yielded 5 pounds of butter. The churn-yiehl is always 
expressed in percentage, and is obtained by tlividing the total 
pounds of butter obtained by the total pounds of milk from 
which the butter was mad(‘, according to the following formula: 


Pounds of butter 
l^ounds of milk 


X KX)-- churn-yield. 


In case cream is handled instead of yiilk, the same may 
be obtained by substituting “pounds of cream" for “i)ounds 
of milk" in the formula. 

Calculation of Dividends,— The method of calculating 
dividends will vary according to the agjrecrnents between the 
manufacturer of the butter and the milk and cream producers 
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Some manufacturers agree to make the butter for so many 
cents per pound of butter (usually 3 or 4 cents). Occasionally 
the creamery proprietor agrees to pay a final fixed sum for milk 
delivered containing a definite amount of fat (usually 4%). 
Thewi two methods are not in use much at the present time, 
although in tin; eastern })art of the rnit(*(l States the method 
of paying the operator so much per pound of butter-fat manu- 
factured is quite common. 



Fia. 05.’~Jcin8cn creameiy, Bamten Pro\'ince, Hamburg, Germany. 
(Creamery Journal ) 


Tlie two methods most commonly used, especially in the 
central West, are as follows: 

(1) Pay so much jkt pound of butter-fat based upon some 
standard market pyioe, such as Elgin or New^ York. The 
amount paid now by the central plants for butter-fat is usually 
2 or 3 cents per ix)und below '‘New York Extras,'' and the 
company pays all freight or express charges. 

(2) Pay per pound of fat based upon the net income of the 
creamery. 
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1. The former method of paying for butter-fat has become 
quite common. Nearly all the hand-separator or central phmts 
are paying for butter according to this method. Pa}mu‘ntsare 
usually made at each delivery or every two weeks. Altliough 
this causes more work, it is niuch more satisfactory to the jMitrons 
than to pay only at the end of each month. 

In order to calculate dividends when paid at the end of 
tw^o weeks or at the end of (‘ach month, tlu' first step is to 
find how many pounds of butter-fat have been dchven'd by 
each patron. If compcisite samples are taken, and these 
tested for fat at intervals of oik* week, which would make about 
four tests during tin* month, and two during half a month, 
the results of the several tests may be add(‘d, and tlx* sum 
divided by the number of sampl(*s t(*st(‘d. This may give* the 
average tost, but it must be borne in mind that this method 
is also likely to give wrong results. hisj)(‘cially is this so 
when cream is delivered which varies in tjuantity as well as 
(luality during the ditTcTcnt parts of the month. 

If cream only is being received, it is a goo<l |)lan to t(\st 
each patron’s cnwii every day, as it is more or l(‘ss difficult 
to get absolutely accurate composite samples from creams of 
different richness. Besides this, the patrons can get the t(»t 
as well as the weight of the cream of each previous day’s de- 
livery, and thus know how their account stands from day to 
day. A little more labor is involved in doing this, but in the 
long run it keeps the patrons better sati.sfied. 

2. If the price of butter-fat per jxkiikI is being based upon 
the net income, as is the case in lu'arly all co-xiperative cream- 
eries, and also in many proprietary creanuTies, the first step 
is to find out how much butter-fat each patron deliv(*red during 
the specified time, — two weeks or a month, whichever may 
be the case. When this has lieen obtained, the total jxiunds 
of fat delivered by all the patrons are found. From the gross 
income the total expenses of running the creamery are sub- 
tracted. The remainder represents the net income. This is 
then divided by the total pounds of fat delivered to the cream- 




Fio. 66. — Coos Bay Creamery, Oregon. All milk delivered by boat. 
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ery, and the quotient represents the price per pound of butter- 
fat to the patrons. 

Knowing the price of one pound of fat to be paid to the 
patrons, the sum due to each patron is found by multiplying 
the price per pound by the total number of jM)unds of fat each 
patron delivered during the specified time. 

In some instances provisions are made for a “sinking fund.^^ 
This is a name given to a fund raised by deducting so much 
per fK)und of fat, or per 100 pounds of milk, from each i)atron's 
delivery at the end of each month. This fund is for the pur- 
pose of paying off a d( bt gradually, or for raising a fund for 
new eejuipment, or other improvements in th(‘ cn^amery. In 
case such money is to be withlu'ld, it is <leducted previous to 
making the final calculation. 

Cream-raising Coefficient.— By the t(‘rm cream-raising c(M‘f!i‘ 
cient we understand the ])ercentjige of fat ?-emoved from the 
milk during the process of separation. The (‘al(‘ulation of the 
cream-raising coefficient may lx* illustrated as follows: 

Suppose we have lOd pounds ol milk containing 4^,^ fat, 
and yielding (S5 pounds of skim-milk and 15 |>ounds of cream, 
the skim-milk containing .2^ ;, fat. 

Total fat in whole milk 1(K) lbs. X4^v, ^ lbs. 

Total fat in skim-milk -= S5 lbs. X.2^\>^.17 lbs. 

Total fat in cream “ 4 lbs. - .17 lbs. lbs. 

3.8.5)000^^,. ^^^ of the total 4 pounds of fat, or the 
4 

cream-raising coefficient. 

Statement to Patrons.— A comf)lete statement should be 
made each time a settlement is made, and accompanied with 
the check. A statement .similar to f^ie following one may 
serve as an example: * 


♦ Creamery liutter-making, by Michel*. 
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Mr. 

For the month of. 


CREAMERY COMPANY 

IN ACCOUNT WITH 


190 


Cr. 

No. pounds milk delivered 

by you 

Average test 

No. {x)unds butter-fat 

Pric<! per pound , . I 


Pounds butter at . . 

('uns, at 

(’ash 

Hauling at . . . per 100 lbs 

S.. 


Dr. 


Balance due you S. 

Total founds milk delivered at creamery %. 

Average test at creamery 

Total pounds butter-fat at creamery 

I™ - lbs. at S. 

Sales of butter { ^ 


IjCSs cts. for making. 

Balance due ptUrons 

Per cent overnin 

Testing witnessed by 

Prest. 

Seq/. 


At Wio end of the yt'ar a final statement should be made 
by the respective ofiicers, similar to the following one: 


ANNUAL REPORT. 

Incorporated 190. . , CommciuTd ('>perations, 190. . . 

Annual ReiX)rt. 190. . . 

of the 

CREAMERY COMPANY 

of Iowa. 

( Butter-maker; Asst. Butter-makci 

Capital Stock I Paid in I 

omCKRS AND DIRBCTORa. 


PretidefU, 


Treasurer. 
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SECRETARY’S REPeRT. 

To the Stockholders: Your Secretary herewith submits the following 
report for the year ending December 31 , 190 .. . 

Total pounds of milk received 

Total pounds butter-fat contained in same 

Total pounds butter manufactured 

Average test of butter-fat per hundred pounds of milk 

Average yield of butter per hundred |K)unds of milk 

Average price paid per hundred pounds of milk 

Average price paid per hundred pounds of butter-fat 

Average per cent increase of clmrn over test (o\crrun) 

Avenige price received f)er pound of butter 

Average monthly expenses of running creamery 

Average co->t of manufacturing butter jK‘r {)ound 


Following is a Monthly Statement for the year 190 .. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

( )<'tol)ef 

Noveml>er 

December 

Totals 


STATEMENT OF CASH RECEIVED AND DISBURSED. 

DlHHUIiSKMKNfl'S. 

Paid to patrons for milk I. . 
Running exi)ens<‘s of cream- 
erv and supplies on hand . . . 
Paul for machitiery, ma- 
terial. repairs, et<* (out 
of fKjrccntuge fund) 

Paid divideml on stock for 
190 . (out of p(*rcentago 
fund) 

Paid dividend on stmrk for 
190 4out of i)crcentagc 
fund) 

Total amount of orders 
drawn on Treasurer 
Cash balance in hands of 
Treasurer, Jan. 190 


Total . . . . 


Receipts. 

Received for butter . $ 


Total amount of c^h re- 
ceived and paid to 
Treasurer .... 
Cash balance in hands of 
Treasurer, Jan 190.. 
Total .... 
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TREASURER'S REPORT. 


To the Stockholders of the_ 


_Creameiy Company; Youj 


Treasurer herewith submits the following report: 

Statement of Cash Received and Disbursed. 
"Receipts Disbursements. 

Total . . • • y' 

Krspectfully submitted, _ 


Total 


Treasurer. 


Cashier of Bank. 


REPORT OF AUDITING COMMITTEE. 

To the Stockholders of the IVcamery Company: 

We, the underHigued. apfiointed by your Board of Directors to examine 
and audit the iiooks, Accotinl.s, and Voiicliers of the Secretary and Treas- 
urer of the (Ycaincry Oompany for the year IfK) . hereby 

certify that wc have carefully examined the same and compared them with 
the al)ove mjiorts of said oflicers, and lind them correct. 

In witncMs whereof we have hereunto set our hands at , Iowa, 

this day of A.n., 190 — 


.\uditing Committee. 


Pa 3 ring for Fat in Cream Compared with Paying for Fat in 

is evident tliat when patrtins deliver fat in the form 
of milk the creamery operator sustains a loss in the skimmed 
milk, while if the fat is delivered in the form of cream, no 
fat is lost in the skim-milk at the creamery, and consequently 
the cream patron should receive more per pound of fat delivered 
than the whole-milk patron, providing the quality of the fat 
in the cream is as good as that in the form of milk. The butter- 
maker should obtain a larger overnm from the fat of the cream 
than he does from the fat of the milk. The amount which 
the patrons should be paid for fat, delivered in the form of 
cream, depends upon the thoixmghness of skimming. If 
1000 pounds of milk testing fat were l)Ought and skimmed, 
there would be a loss ot alxiut .9 of a pound of fat during the 
Bkiinming, which would make about 1 pound of butter, worth 
about 20 cents. If Ixiught in the form of cream this loss would 
not be sustained. The above loss, during skimming, according 
to the figures mentioned, would amount to about half a cent 
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per pound of butter manufactured. The fat lost during the 
skimming process would amount to about 2 % of the total 
fat. If the cream fat be incrt^ased by 2 %, an approximate 
basis for paying milk and cit'aiii patrons is ol)Uiined. 

Degree of Justice in Paying Cream Patrons More per Pound 
of Fat than the Milk Patrons.— Tlien^ is another side to this 
question of reacdiing an ecjuity of payment between the cream 
patrons and milk patrons. A cream patron should not receive 
more pay than a milk patron. iink‘ss the (quality of the fat 
is as good as that delivered by the milk patn)n. It is a well- 
known fact that the fat deliv(‘n"d in the form of cnnim is, as 
a rule, and has Iktu, much inferior to that di‘livered in the 
form of whole milk. This is evidently due to the fact that 
cream is not delivered daily to the cmamerv, and that it is 
improperly handled on th(‘ farm, and during transj)()rtation. 
According to the results obtained in the Iowa lulucational 
Contest, and other scorings, butter from hand-separator crt‘am 
on an average s(‘ldoni scores above 90, on a scale of KX). It is 
safe to come to the conclusion that then* is at least a diffenmce 
of three points in quality in favor of creamery butter made 
from milk-fat. Mr. Jlealy, om* of the best known butter judges, 
claims that in the near futum butter will l)e sold more accord- 
ing to quality than it is now. Ih* asserts that a fair basis of 
paying for butter according to scon*s would Ix^ to deduct a 
quarter of a cent for every point lliat the butter scorns Ixdow 91, 
and an addition of a quarter of a cent for every point it scores 
above. This would make a diffenaice of thn*e-quarter8 of a 
cent per pound in the selling price of butter made from whole 
milk and that made from hand-.separator cn^arn. It was 
figured above that the lo.ss from skimming would amount to 
about half a cent per pound of butter, thus leaving a margin 
of one-quarter of a cent in favor of \he whole-milk patron 
per pound of butter, rather than being in favor of the cream 
patron. 



CHAPTER X. 

HEATING MILK niEVIOUS TO SKIMMING. 

Reasons for Heating — Owing to the fact that all separator 
will skim closer and not clog so easily when milk is heated, 
nearly all creameries heat or warm the milk previous to skim- 
ming. By thus heating and stirring the milk in a pure atmo- 
sphere, many undesira))le odors or taints escape. With an 
increa.se of temperature, the vi.scosity of the milk is lessened, 
due chiefly to the softening and .separation of the fat-globules. 
Such an increased fluidity of the milk lessens the re.sistant 
force of tlie fat-globules when expo.sed to the centrifugal force 
of the .s(‘parator. The higher the temperature the more fluid 
the milk iK'comes^ and consequently the easier the fat can be 
separated. 

By warming the milk to a high temperature and leaving 
it for .some time, and then cooling quickly again to .skimming 
temperatim* (00® F.) and .separating, the .skimming efliciency 
of the .separator is increastsl materially. If the milk has been 
standing at a very low temperature for at least three hours, 
and then is quickly warmed up to the usual skimming tem- 
perature, and skimmed, the w^arming of the milk has com- 
paratively little effect in bringing it into a good condition for 
skimming. It will thas Iw seen that it is possible to skim 
milk at the same temperature, and yet get different results, 
due to previous temperature conditions. Duration of tem- 
perature should I)e considered as well as the temperature itself. 

The temperature to which milk should be heated previous 
to skimming varies accortling to difTerent investigators. The 
temperature that has been niosUy employed in the past in 
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this country, and perhaps at the present time, is aiwut 90® F. 
This comparatively low tempc^rature was fixed owing to the 
supposedly bad effect high skimming temperature had upon 
the body of the finished butter. Kxjxksing milk, at high tem- 
peratures, to the centrifugal force in a separator was said 
to producea greasy body in butter. According to some ex- 
periments conducted at the Iowa Kx|KTiment Station by the 
authors during the year 1902, milk can skinmuHl at 175® F. 
without any injury to the (juality of the butter, providing the 
cream is cooled to ri|X‘ning tempi'ratun*, or Inflow, as scxin 
as it has been skimmed. After the ripening luus Uen com- 
pleted the cream should be exjiosed at lea,^t thme hours to a 
low ternpi'ratun' (50° F.) previous to churning. 

■ If the milk is heated in any of the best modern heaters, 
no injurious results to the quality of the butter will 1 h‘ obtaiiunl. 
Prof. Dean, at the Ontario Agricultural College, luus also found 
it practical to Ixuit to pasteurization tempiTature jirtnuous to 
skimming. In many creameries in Denmark this method of 
lieating milk is also follow(‘d. The Danes, as a rule, however, 
have the heated milk pass over a cooler Ixdore it g(X‘s into 
the separator. 

The chief difficulty encountcix'd by the authors in heating 
milk to such a high temperature pix’vious to skimming, was 
that the upper Ixiaring in the separator got so hot that it was 
deemed injurious to the separator, although the bearing did 
not heat to such an extent as to cause the running of the 
machine to be abnormal in any way. 

Advantages of Warming Milk to High Heat Previous to 
Skimming . — The advantages of heating milk to a high tem- 
perature (175° F.) previous to skimming, may he summarized 
as follows: 

(1) Undesirable taints are eliminated from the milk to a 
greater extent than can be accomplished in any other way, 
without applying chemicals. 

(2) Tlie lieating of whole milk destroys the germs in the 
resultant skimmed milk and cream practically as efficiently 




Flo. 67. — A corner of a separator-room, showing a good arrangement of machinery. (Creamery at Walk 
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as when heated after the skiiuming process has been com- 
pleted. 

(3) Less heating and cooling apf)aratus is necessary. 

(4) Closer skimming. 

How Heated. — There are two methods by wliich milk is 
heated previous to skimming. First, by the use of direct 
live steam; second, by the use of heaters which heat with 
steam or hot water indirectly. 



Fi«. 6S. — ^The Twentieth-century milk-fteater. 


Heating of milk with (lir(‘ct live stt'ain is a(Tomi)Ii8hcd in 
two ways: first, by entering a st(‘ain hose into the vat full 
of milk; and, second, by making use of sptrial heaters, which 
allow steam to come in direct contact with the milk as the 
milk passes through. 

The method of heating milk with direct live . team cannot 
be too strongly condemned, because it leaves bad efTects upon 
the flavor of the butter. At the Milwaukee National Butter 
contest in 1903, where over eight hundred exhibitors w(‘re 
represented, the authors noticed that where the criticism 
‘‘burnt, oily flavor’' was made on the score card, the milk 
from which the butter was made had in most cases been heated 
with live steam. The burnt flavor may'imsibly be due to the 
sudden excessive heat to which the milk will l)e exposed when 
coming in contact with live steam. Tlie greatest danger, 
however, in heating milk with live steam is, that impurities 
from the pipes and boiler are likely to be transmitted to the 
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milk, and cause bad flavors. In most of the creameries the 
exhaust-steam from the engine is used to heat the ivater for the 
boiler. This steam is likely to carry with it cylinder-oil, which 
will impart undesirable flavors to the butter. Some creameries 
are also using boiler compounds for the removal of scales. 
These, when subjected to high heat and pressure, are likely 
to be transmitted to the steam-pipes, and from there with the 
steam into the milk. Tlie scale and rust of steam-pipes are 
also likely to be transferred to the milk. 

Tlie right way to heat milk previous to skimming is to make 
use of one of the si)ecial heaters on the market, which heat 
by the use of steam or hot water indirectly. 



CHAPTER XI. 

SEPARATION OF CREAM. 

In the process of the manufacture of butter it is essential 
that the fat of the milk shall be concentrated into a compara- 
tively small ])ortion of the milk-serum. This concentration of 
fat carries with it a portion of all the other milk constituents, 
and the product is called cream. It is possibh^ to churn milk 
without any separation, but a much greater loss is attendant, 
if the fat is not brought together by the process called separa- 
tion. 

The different kinds of cream may be chissified according to 
the different methods of cream-separating: 

f Shallow-pan rroam. 

{ (Jravity cream. . . . . i cream. 

[ Water dilution cream (hydraulic). 

r, . e \ I Hand-.separator cream. 

Centrifugal cream . | (Veamerir-Neparator cream. 


CiR.WITY CllKAMING. 

Shallow-pan System,— This method of creaming is used 
mostly on farms which are situat(‘d unfavorably in relation to a 
creMTiery, or for some other reasons do not send their milk to 
the creamery. It consists in placing the milk in shallow pans, 
from 2 to 4 inches in depth, as soon after milking as possible. 
The milk is then placed where it can lx? quickly cooled to a 
temperatime of at least 60° F. A lower temperature than this 
is desirable if conditions permit. The atmosphere in the room 

in which the milk is standing must be pure, free from dust, 
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draught, and any undesirable taints or odors, since it takes 
about thirty-six hours of quiet standing for the cream to rise. 
If there is a constant current of air in the room, a leathery 
cream is likely to form. At the end of this time the cream is 
removed by the use of a skimmer, made especially for this 
purfKwe. It is difficult, however, to remove all the cream by 
this means. 

If the conditions are such that cool water can be constantly 
circulated around the f)ans containing the niilk, the tempera- 
ture can easily be made to go below 60° F., and the creaming 
proceas is facilitat(*d. When such conditions are present, the 
de[)th of the milk in the pans can safely be increased to about 
6 inches. Under the most favorable conditions about .5% 
fat will remain in tlie skimmed milk. 

Deep-setting System.— This system is undoubtedly the best 
method of gravity creaming Wdien properly carried on the 

a fat can be removed so completely that 
no more than , 2 % of fat remains in 
the skimmed milk. It consists of put- 
ting milk into deep cans (ordinary four- 
gallon shotgun cans are usually em- 
ployed) immediately after the milk 
has been drawn from the cow. Then 
it is put into cold water, and generally 
cooled down to, and maintained at, a 
temperature of about 55° F. The 
cream will rise in about twenty-four 
hours. Better results can be obtained if the water is cooled 
down to about 40° with the use of ice-water. 

One reason why this system is in use so much, even in 
creamery localitit^ is that the cream obtained is nearly always 
of a good quality. Tlie farmer knows that unless the milk 
be cooleti quickly, and maintained at a low temperature, the 
cream will not rise freely. For this reason the milk is syste- 
matically and thoroughly cooled, which is one of the great 
esaentials in order to check the growth of the ferments in miiy 
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and keep the milk in good condition. In many part« of the 
eastern United States, the deep-setting system is in general 
use. A special form of can is used. Tlie can is simply an 
ordinary four-gallon can, about 8 inches in diameter and 20 
inches deep. It has a glass on one side near the bottom or near 
the top, which allows the reading of the thickness of the layer 
of cream. On each side of the glass is a graduated scale, which 
gives the reading in inches. In case the cream is lK‘ing sold 
to a creamery, the hauler comes along, notes the depth of the 
layer of cream, and records the numlxT of inches of cream 
opposite the f)atron’s name. At the end of the month, or 
whenever the time for payment comes, the money is a[)|H>r- 
tioned according to the number of inches of cream delivered 
by each of the patrons. No test for fat is made. This is what 
is known as the “Cooley system,’’ and is used (iuite extensively 
in the East, especially in Massachusetts. 

While cream usually arrives at the creamery in a fair con- 
dition, there is the objection that the crc‘am is always thin. It 
seldom contains any more than 18 or 20^^ of fat. 

No good explanation has yet iK^en given why cream in a 
deep layer of milk at 40° F. should rise more quickly and more 
completely than in a thin layer at a higher temperature. 
♦ Arnold seeks to explain it by saying: “Water is a l)etter 
conductor of heat than fat; hence when the temperature of 
the milk varies either up or down, the water in the milk f(X‘ls 
the effect of the heat or cold sooner than the fat in the cream 
does. Therefore the cream is always a little b(‘hind the water 
in swelling with heat or shrinking with cold, thas diminishing 
the difference between the specific gravity of the milk and 
cream when the temperature is rising, and increasing it when 
the temperature is falling.” • 

This explanation is, according to Balx:ock,t not satisfactory. 
He says; “ Though it is true that water is a better conductor 
of heat than fat, the small size of the fat-globules renders it 


♦ American Dairying, p. 210. 

^ Wieooiuiixi H^xperiznetit Station, Bull. 18, p. 24. 



126 


butter-making. 


impossible thflt under Any circumstftnees there CAn be more 
than a small fraction of a degree of difference between the 
temperature of the fat and that of the milk serum. More- 
over, with the limits of temperature practical for a creamery, 
(90° to 40° F.), the coefficient of expansion of butter-fat is 
more than three times as great as that of water, so that in 
order to maintain the same relative difference in their specific 
gravities when the temperature is falling, the milk serum must 
cool nearly three times as quickly as the fat. In other words, 
when the milk serum has cooled from 90° to 40°, or 50° F., 
the fat-glabules should have lost less than 17°, and should 
still have a temperature of over 70° F., a diff( rence between 
the toFuperature of milk scrum and fat of more than 33°. Such 
a condition is manifestly impossible, but no less difference 
than this would cause the fat to become relatively heavier 
than at first, and would operate agaiast the creaming.^' 

A low temperature increases the viscosity of the milk, 
and consequently it would seem that the resistant force of 
the fatr-globules in their upward passage through the milk 
serum would Ixi increased, and thus retard the creaming. 
Bal)cock maintains that fibrin is partially precipitated when 
milk is allowed to stand at a medium high ternpcTature. The 
fibrin, when precipitated, forms a fine network of threads 
permeating the milk in all directions, similar to the network 
of fibrin in coagulated blood. It is possible to conceive that 
such a network would interfere with the rising of the fat-glob- 
ules, at comparatively high tem|K^raturcs. The reason that 
fat-globules will rise more quickly and more completely in the 
deep-setting system than in the shallow-pan system, might 
be explained on this fibrin theory were it not for the fact that 
experiments conducted at the Cornell Experiment Station 
show that the setting and cooling of milk* may be delayed 
long enough for this fibrin to form, without any effect upon 
the separation when set and cooled. 

Probable Explanatioii.— It is a well known fact in physics 
that most liquids, when present in the form of drops, increase 
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their surface tension when the temperature is lowered. Owing 
to this increase in surface tension, the liquid drops unite together 
at a low temperature much more rajudly than they do at a 
high temperature. For instance, two drops of molten iron 
unite much more readily just previous to solidifying than 
they do while the temperature is higher, and tlie li(|uid more 
fluid. As the fat in milk is present in the form of small liquid 
globules, as mentioned previously, it seems pr(d)able that 
these fat-globules might have properties similar to those of 
the liquid mentioned above, and behave similarly in the milk, 
when set at low temperatures, in accordance with the deep 
setting method. If the fat-globules act in accordance with 
this theory, it seems probable that there is no real iia'inbrane, 
other than that resulting from surface tension, envt‘loping 
each fat-globule. If there were such a membrams composted 
of albuminoid chiefly, then undoubtedly the fat-globules would 
not assume this property. 

With such a deep layer of milk the lower most fat-globules 
must evidently encounter a great many other globules as 
they rise. If the physical force mentioned d(K\s not facilitate 
the process of uniting the globules, they would partly unite 
without it. The more they unite in small bunches, or masses, 
the greater would be the tendency for them to rise, as explained 
previously, and more of the smaller fat-globules would l)e 
carried along. The bottom globules would tend to partly 
unite and form a filter, which passes up through the milk 
by the buoyant force, or force of levity. 

If this latter explanation holds true, then more of the milk 
constituents would lx? pit'sent in the cn;am from the deep- 
setting system than in the cream from the shallow-pan system. 
By comparing the cream raised by the shallow-pan system 
with that raised by the deep-setting system, before the cream 
has been removed from the milk, it will l)e noticed that the 
cream raised by the shallow-pan system appears to be much 
yellower than is that raised by the deep-setting system. This 
condition can only be due to the fact that the surface cream, 
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MUsed by the shallow-pan system, contains more pure fat. 
The fat, as it rises, does not have the same opportunity of 
imiting with so many other globules, owing to the comparatively 
shallow layer it has to pass through, and the temperature is 
not low enough to facilitate the uniting of the globules; that 
is, providing the fat-globules act the same as most other liquids 
at lower temperatures. 

Water-dilution Cream (Hydraulic). —When milk is diluted 
with water, the fat or cream rises much more rapidly and 
complcU^ly to the surface than it would in its undiluted form. 
A creaming-can is based upon this principle, and it was expected 
to combine (juickness, enicieiiey, and simplicity. The sc'pa- 
rator consists simply of a tin can into which the milk is poured 
and then diluted with cold water. In a few hours the cream 
rises to the surface. Arrangements are usually made so that 
the skim* milk can be drawn off from the bottom of the can. 
While the diluted form of the milk apparently causes the 
creaming to lx? more efliciently and quickly done, it can readily 
be seen tlmt in ordc'r to have a .‘kimming efficiency equal to 
other methods of skimming, it must leave only about half as 
much fat, lK‘eause the milk is diluted with about an equal 
volume of water. If the water-diluted skimmed milk contains 
.2% fat, then the same skim-milk in the undiluted form would 
contain .4 per cent fat. 

The water-dilution method of skimming practically spoils 
skimmed milk for fmling purpost>s. .Skimmed milk which 
contains a fourth or a half of w^ater, has been robbed of its 
essential relish to the calf, and it becomes necessary for the 
calf to consume too much volume in order to get the required 
amount of nourishment. 

This water-dilution system also gives more volume to 
handle. If farm dairying were conducted on a large scale, 
the method would not be practicable. 

Another objection is that the cream which results from 
this dilution method is seldom of good quality. Most well- 
water contains a multitude of micro-organisms which, when 
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added to the milk, produce putrefactive and undesirable results. 
Much well-water also is tainted to a greater or lesser degree. 
Especially is tliis so with water from shallow wells, l^utter 
made from cream which lias been diluted with water usually 
has a flattish poor flavor. 

The efficiency of separation of diluted and undiluted milk 
is reported by Wing ♦ to be as follows: 

Diluted with 25^’[ warm water set at 60° F. (39 trials), 0.77% 
fat in skim-milk; 

Undiluted, set at 00° F (30 trials), l.OO^’o fat in skim milk 

Undiluted, set at 40° F (20 trials), 0.29% 

CeNTHI FUG AL CllEA M I NG . 

In the separation of crc'am by centrifugal machines, the 
same principle is used as in the gravity system of separation. 
The only difference is that in th(‘ centrifugal method the force 
which separates the cream from th(‘ milk is generated by 
artificial methods, and acts in a horizontal direction; in the 
gravity system the force which separates the ert'am from the 
milk is only that which r(‘sults from the difference in the sjiecific 
gravity of the cream and the skimmed milk, and the force 
acts in a vertical dire(;tion. The force generated in the sepa- 
rator is several hundred times greater than the natural force 
in the gravity method. For this rea.son the cream separates 
almost instantaneously after the milk luis entered the separator 
and is exposed to the centrifugal force. 

Advantages.— The centrifugal separator ha.s several advan- 
tages over the gravity method, which are apparent without 
detailed elalmration. In the first place, the range of tem- 
perature and condition of the milk at which the cream can be 
successfully separated is much greater than that for successful 
separation by the gravity method. Second, a much better 
qudity of cream can l>c obtaincnl by the centrifugal system, 


^ Bfilk and Its Products, p. 105. 
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as the separation can be done before the milk gets old, whik 
by the gravity method the time required for efficient separation 
is so long that the cream deteriorates more or less before it is 
removed from the milk. Third, by the centrifugal method the 
thickness of the cream can be regulated to suit requirements, 
while by the gravity method the thickest cream that can be 
obtained is about 20%, Fourth, by the centrifugal method 
many impurities and undesirable germs are removed, while in 
the gravity method the exposure to open air more or less 
impure is likely to contaminate the milk with taints, and also 
allows the germs to fall into it. P'ifth, by the centrifugal method 
the skimmed milk is left in an unadulterated condition. The 
milk can be skimmed soon after milking, or after it has been 
deliver(‘d to th(^ creamcTy, and thus be in the best possible 
condition for fe(‘ding pur})(>s(‘s. Sixth, the ce' trifugal method 
[)ermits of a more thorough separation of the fat. fiutte^r-fat, 
as a rul(‘, is too (‘xpensive to feetl, when good and much cheaper 
substitutes can Ix' had. 

History of Centrifugal Separators.— The first centrifugal 
separator was a very simple one. It consisted of buckets 
hanging on tlie ends of arms, or on the })erii)hery of a rotating 
horizontal flat wIkh'I which swung on a central axis. The milk 
was placed in the buckets and whirled for a time, and then 
the machine (if we may call it such) was stopfied, and the 
cream removed in the same way as in the gravity system. 
This method of sejiaration, according to J. H. Monrad, ♦ had 
its origin in 1SG4. As early as 1S59 Profes.sor Fuclis of Carls- 
ruhe, Germany, suggested testing the richne.ss of milk by swing- 
ing tulHJS holding the samples of milk. In 18C4 Prandtl, a 
brewer of Munich, separated milk by such a device. In 1870 
Rev. F, 11. Bond, of Nortlqwt, Massjichusetts, w'orked out a 
method of separation wliich consisted of two small glass jars 
attached to a spindle making 200 re>'olutions per minute. By 
one hour’s whirling the cream came to the top. 


♦ Dairy Mroaenger, Oct., 1892, p. 109. 
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In 1875 Prandtl exhibited at Frankfort-on-the-Main a con- 
tinuous separator, which did not at the time attract much 
attention, due chiefly to the excessive amount of power needed 
to overcome the resistant force of the air. In 1876 a Danish 
engineer named Winstrup succeeded in improving the old 
bucket method. In 1877 Lefeldt and Lentch offered for sale 
four continuous separators with different cnpacitic's (from 110 
to 600 pounds of milk per hour). During that y(‘ar al.so the 
first practical centrifugal creamery wtis estahlisluMl nl Kiel, 
Germany. In 1877 Houston and Thom])son of Philadel}>hia 
filed a patent for the continuous method of separation of cream 


A 



Fio. 70 —First centrifugal separator. (From Dairy MessenKer.) 

from milk. The patent was allowed in 1801. In March, 1877, 
Lefeldt and Lentch invented a .sef)arator similar in construction 
to the hollow bowl — a more recent tyf>e. This machine did not 
revolve at so rapid a rate as our modern machines do, nor 
did it have arrangements for continuous inflow and di.scharge. 
It was intermittent in its work, and it j^^as necessary to stop 
at intervals to remove the cream and skimmed milk. 1879 
was the year which marked the grcat(*st advancement toward 
the perfection of modern separators. Tlic appearance of the 
Danish Weston, invented in Denmark, and the De Laval, in- 
vented in Sweden during that year, marked a great advance- 
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ment in the separation of cream from milk. This led to con- 
tinuous milk and cream discharges, and consequently also to 
the continuous inflow of whole milk. These machines were 
of the hollow-bowl construction. 

Modem Separators.— Since the year when the Danish Weston 
and the De Laval machines were invented, many different 
types of separators with different contrivances within the bowl 
have been put upon the market. Baron Bechtelsheim, of 
Munich, is given the credit of having discovered that certain 



Fiq. 71. — ^The United States separator. 


contrivances on the inside of the machine increase the efficiency 
and capacity of skimming. This discovery was made, accord- 
ing to J. H. Monrad,* in 1890. Tliis invention was bought by 
the De Laval CJompany. 

The principal part of practically all the separators is a bowl 
rotating in a vertical position, with or without contrivances 
inwde the bowl. M^hines having a bowl rotating in a hori- 
lontal position are, so far as the authors know, not in use at 
the present time. Such a machine was once manufactured at 
Hamburg, Germany, and was called “Peterson's Centrifugal 


* Dairy Messenger, Jan. 1802, p. 0. 
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Machine." Another German machine, called '*The Page," was 
also manufactured in the horizontal bowl style. 

From the above it will be noticed that four separate steps 
are recognizable in the evolution and improvement of separators: 

1. Revolving Bucket Centrifuge; 

2. Intermittent Hollow Bowl ; 

3. Continuous Hollow Bowl; 

4. Continuous Separator with contrivances within the 

Bowl. 



Fia. 72 — The Simplex separator. 


The science and practice of separation of milk and cream 
have seemingly reached a high state of efficiency. It seems 
almost improbable, considering the many new improved sepa- 
rators on the market that any other great improvement could 
be made which would add a separate stage to the improve- 
ment of our best centrifugal milk separators of to-day. 

Classification of Separators.— Owing to the many different 
standard types of separators now on the market, it is impossible 
to describe each one in detail. For this reason the classifi- 
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cation appearing below has been made. There are undoubtedly 
many other types, especially in foreign countries, with which 
the writers are not familiar, and which are not mentioned here. 
Tlie following classification will, in some measure, illustrate 
the different makes of separators on the market to-day: 


Separa- 

tore. 


Hollow bowl. . 


Farm aep- 
arutors. 


( De Laval (old style). 

\ Sharpies. 

[ Ome^a. 

Cause milk to Empire, 
pass ill thin j Davis, 
sh^tH vertical- United States, 
ly in bowl. National 
lleid. 


Creamery 

jwwer 

Hc^iani- 

tora. 


('ontrivances 
in bowl. 


Cause milk to 
separate into 
almost h o r i - 
y.ontal thin 
sheets. 


Dairy Qu?en. 
Dj Laval. 
Peerless, 
hwea, 

Westphalia 

(C’leveland). 

Iowa. 

Jn'ernat. Oeam 
Hai vesler. 


Hollow bowl 


Improved Danish Weston (lleid). 
Sharpies (old style). 

De Laval (old style). 


('ontri vanees 
IkiwI. 


in 


Cause milk to 
pa8.s in thin 
sheets verti- 
cally in bowl. 

(’ause milk to 
Nc^parate in al- 
most horizon- 
i tal slants. 


United States. 
Simplex. 
Sharpies (new 
. style). 

1 De Tiaval. 

I Springer. 


Many of these separators which cause the milk to pass 
up and down in vertical sheets have the bowl contrivances 
corrugated, and perforated with holes so that the skim-milk 
and cream assume also a partly horizontal direction. 

Process of Separation. — From the illustrations, the structure 
of the more corrmion types of separator bowls is readily 
understood. The whhle milk may be made to enter at the 
bottom or top of the bowl when revolving. In the Sharpies, 
the milk enters at the bottom. The more common way 
is to have the whole milk enter at the top. As the 
milk enters the bowl and is exposed to the centrifugal force, 
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it immediately begins to separate into three distinct layers. 
The centrifugal force acting in a horizontal direction forces 
the heaviest portions of the milk and the [)rwipitated albu- 
minoids, ash, filth, and a multitude of germs over next to 



Fio. 7H. — ^The lieid Heparator. Fiii. 74. The Siiarples Mcparator, 


the wall of the separator bowl, and into a solid and more f)r 
le^ss gelatinous layer, which is known as the separator slime.'' 
In very imf)urc milk this substance is so ph'iitiful that it is 
likely to clog the separator in a v(‘ry short time, and Ixdore 
much separation is accomplisluMl it is n(‘c(*ssary to clean out 
the bowl. The second layer is the skim-milk, while the cream, 
being the lightest, is forced to the center of the bowl and forms 
the third jx)rtion mentioned. There is no distinct line of 
demarcation between the layers of skimmetl milk and cream. 
They overlap each other and form a soft of zone, rather than 
a sharp separation. The richest cream is nearest the center 
of the bowl, and gets thinner toward the outer portion of the 
bowl; consequently, by turning the outlet for the cream, or 
cream-screw, nearer the center of the bowl, the cream is increased 
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in richness. Turning it away from the center causes the cream 
to be thinner. The skimmed milk that is forced clear to the 
circumference of the bowl contains the least fat, and con- 
sequently the skimmed milk is always first removed from this 
portion of the bowl. Usually the skim milk outlet is brought 
in towards the center of the bowl at one end through tofces 
extending from the circumference of the bowl. If this were 
not done, some difficulty would be involved in arranging a 



Fia. 76. — Showing “butter extractor" Fio. 76. — Showing cross-eection of 
attached to I)e Ijival wpamtor. The I)e l^aval 8e})arator bowl, 

butter extractor in not known to be 
in uw now. 


receiving-pan for the discharged skim-milk. If the skim- 
milk were discharged near the circumference of the bowl, it 
would come out with a heavy force. Also, if the outlet for the 
skimmed milk were near the circumference of the bowl, a 
great deal more powei^ would be required to run the machine. 
As the skimmed milk passes through the tubes towards the 
center it gives tip its force. Tlie nearer the skimmed-milk 
outlet can be brought to the center of the bowl, the easier 
will the machine run. 
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The jswe of the skimmed- milk outlet is usually made so 
that it bears a certdn relation to the size of inlet, size of bowl, 
and to the speed of the machine. Most skimmed-milk outlets 
are made so as to discharge from .4 to about .9 or a little more, 
of the whole milk that enters the bowl. The remainder is 
the ’cream, which is forced to the center of the bowl and dis- 
charged through the cream outlet. 

Relative Amount and Richness of Milk and Cream 
Obtained. 

The conditions w^hich affect the relative amount of cream 
may be said to be as follows: 

1. Regulation of the cream or skimmed-milk screw, 

2. Rate of inflow to the bowl. 

3. Speed of the machine. 

4. Temperature of the milk. 

I. Regulation of the Cream or Skimmed-milk Screw.— All 

modern machines, so far as known, have a device by which 
the relative amount of skimmed milk and cream can l)e con- 
trolled, and consequently the richness of the cream. Some 
machines have this device in the form of a cream-screw', and 
others as a skim-milk screw. The cream-screw in most of 
the machines has a hole on one side of it through which the 
cream is discharged. If this .screw is turned so as to make 
the hole nearer the center, then the cream will Ix^ rii'her and 
less in quantity. If turned aw^ay from the cent(*r, then more 
and thinner cream will be discharged. In some rnachiruis there 
is a skirn-milk screw which serves the same i>urfK>sc. The 
method then of regulating the relative amount of cream and 
skimmed milk works in just the opposite direction; that is, 
when thicker cream and kjss of it is wanted, then the milk-screw 
is turned so as to bring the skimrneifmilk outlet nearer the 
circumference of the bowl, Tliis gives more skimmed milk 
and consequently less cream. If thinner and more cream is 
wanted, then the screw is turned in. This causes more milk 
to flow out through the cream outlet. The Reid hand separator 
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k an example of this latter class. These two methods of regu- 
lating the thickness and amount of cream tre the most common 
It cannot be done while the machine is in motion. By some 
this is considered a drawback. . 

Other separators have a device whereby the amount of 
cream can be regulated while the machine is in motion. For 
instance, on the improved Danish Weston, there is a screw 
attached to the .skim-milk discharge-tube, by turning which 
the end or point of the tube can be made to be closer or farther 
away from the center, thus regulating the relative amount 
of cream and skimmed milk, and the thickness of the cream. 

3. Rate of Inflow.— The rate of inflow of milk to the sepa- 
rator has a larg(! influence on the relative amount of cream 
and skimmed milk. The greater the inflow to the separator, 
the more and thinner cream will lx; obtained, and with a dimin- 
ished inflow the less and thicker cream is obtained. This is 
due to the fact that at a given velocity of the machine the 
skim-milk discharge remains practically constant. So if 
more milk is turned on, the only place where the discharge 
can increase is through the cream outlet; and if the inlet is 
diminished, the cream will dimini.sh until a certain time, when 
the amount of milk, which runs into the machine, etiuals the 
amount discharged through the skim-milk outlet, and then 
there will be little or no cream. This is aptly illustrated 
by Wing: " If the milk is turiusi into the bow^ at such a 
rate that .8 escapes through the skim-milk outlet, we shall' 
havens skim-milk and .2 cream. If, now, we reduce the rate 
d inflow by .1, we shall get just as much skimmed milk as 
before, but only half as much cream; or, if the inflow is increased 
.1, we shall get Uic same amount of skimmed milk and one 
smd a half times as much cream." The completeness of sepa- 
ration will be the same«so long as the separator is run within 
the range of its capacity. 

3. The speed of the separator influences the rela- 

tive amount of the cream and skimmed milk only in so far 
as an berease in the speed of the bowl increases the capacity 
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of the skim-milk outlet, due to a more rapid discharge 
through the skim-nSilk outlet. The slower the bo^l re- 
volves the less skimmed milk will be discharged, and conse- 
quently, if the inlet is constant, more and thinner cream will 
be the result. It should be stated in connection with this 
that the efficiency of skimming depends to a large extent 
upon 'the speed, and if attempts are made to increa.se the amount 
of cream and decrease the percentage of fat in it, by lowering 
the speed, an abnormal amount of fat will be left in the skimmed 
milk. 

4. Temperature.— The temperature of milk usually does not 
influence the relative amount of milk and cn'am very much. 
The higher the temperature the mon' fluid the milk l)ecome8, 
and consequently, all other conditions l)eing the same, slightly 
more milk will run through at a high tem}X‘rature than is the 
case with a lower temperature. This increase will show itself 
chiefly in the amount of cream, as the higher temp(Tature 
has a greater relative effect upon the cream than it has upon 
the milk. By increasing the temperature of the milk, slightly 
more and thinner cream is obtaincHi. 

Conditions Afffxtino Effumenoy of Sf.par\tors. 

I. Manner of Heating Milk.— Owing to the fact that fat- 
globules rapidly change their shape and profXTty by exposing 
them to heat and exce.ssive agitation, it is essential that care 
should be taken in heating milk previous to .skimming. When 
fat-globules are heated they Ijecome more liquid, and if stirred 
very much the clusters of fat-globules break up more rapidly. 
The individual globules, if stirred violently, will break or sub- 
divide into several small ones. The higher the temperature 
of the milk, the more fluid the milk becomes, and the easier 
the separation. If milk is stirred violently, the individual fat- 
globules break up into smaller ones, which are separated from 
milk with difficulty. Tlie following table * illustrates what 


* Hoard’s Dairyman, Fort Atkinson, Wi*. 
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effect the different degrees of agitation of milk has upon the 
efficiency of separation: 


Milk heated in vat, not pumped 

Milk heated in Pasteurizer, 200 revolutions of agitator per minute 
250 

300 “ 

350 

400 “ 

500 

Milk pumped by the turbine pump at 122° F. . 

“ “ “ “ " “ “ 04° F., 

“ " with the pump, effective at 122° 

II << H it tt ({ n 


No. of 
Experi- 
ments. 

10 

S 

3 
8 
2 
7 

4 
3 
3 
3 
3 


Av. Pet 
Per Cent 
in 

Skim- 

milk. 

.117 

.115 

.118 

.134 

.143 

.198 

.225 

.129 

.119 

.117 

.115 


In the above experiments the diameter of the agitator in 
the Pasteurizer was 14 inches. The speed at the periphery, 
at 250 revolutions per minute, was 5 feet per second. 

It will he seen from the above table that the higher the 
speed of the agitator, the greater the difficulty in getting a 
complete separation. Besides the speed of the agitator in 
the heating apparatus, undoubtedly the shape of the Pas- 
teurizer is a factor in determining the efficiency of the 
subsequent separation. For instance, the milk in most hori- 
zontal Pasteurizers is, even at low speed, exposed to con- 
siderable agitation. 

If the milk is suddenly heated from a low temperature to 
about or 90® F. and then skimmed, the heating does not 
facilitate the skimming process very much. It is essential 
that the milk should be exposed to this temperature for a 
conaderable time. The fat-globules do not warm as rapidly 
""as the milk-serum. This diminishes the difference between the 
specific gravity of the fwo substances, consequently complete- 
ness of separation becomes more difficult. If milk is heated 
to a high temperature, say, for instance, 170® F., then the 
separation will be sufficiently complete without exposing the 
milk for any lengUi of time to that temperature. 
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Machines are now made, and are on the market, which will 
bring the milk, or the fat-globules in the milk, into such a 
conch tion that they cannot be separated from the milk. The 
process is called “homogenization.’’ It consists of bringing 
the milk under certain pressure, and then forcing it out through 
a special valve. This relief, through this special valve, causes 
the fat-globules to divide up into very minute ones. They 
(hvide up to such an extent that they cannot he separated 
from the milk by gravity methods, and it is impossible to get 
a complete separation by centrifugal methods. Homogeniza- 
tion of milk is carried on to some extent in Europe. The 
process practically insures uniform quality to the milk patrons 
in the distribution of milk in cities, and secures a more uniform 
consistency of the product. 

2 . Condition of the Milk— In order to get complete separation, 
and keep the separator in good running order, it is essential 
that the milk should be in as good physical condition as possible. 
Coagulated, slimy, or otherwise viscous milk separates with 
difficulty. When such milk is on hand it should not l)e mixed 
with the milk that is in good condition, as it might tend to coag- 
ulate more of the good milk, and the coagulated or slimy lumps 
are likely to clog the separator. Such milk should Ixj left 
until all the good milk has Ix^cn separated. Then, if the coagu- 
lated or sUmy milk is thoroughly stirred so as to reduce the 
lumpiness of it, it may be run through the separator success- 
fully. It is a good plan not to feed the s(q)arator quite so 
heavily when this quaUty of milk is lK*ing run through. By 
shutting off the inlet a little, it will usually run through without 
clogging. Milk containing impurities in suspension should be 
thoroughly strained previous to separation. 

Overfeeding the Separator.— When a separator is being 
overfed with milk there is a tendenejf for the machine to do 
less complete work. This is due to the fact tliat the more 
milk is being fed into the separator the less Ume it will be 
exposed to the centrifugal force. It is possible to underfe^ 
the separator as weU. As has been mentioned before, the 
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inlet cm be closed to such an extent as to cause nearly all the 
discharge to take place through the skim-milk tube. 

As a rule when the machine has been set so as to allow the 
milk to flow in at a certain rate, it will continue to admit prac- 
tically the same amount of milk all through the skimming 
period. Among the conditions which may alter the rate of 
inflow to some extent, are the amount of heat and the change 
of pressure, due to different amounts of milk in the receiving- 
vat. Temperature will slightly affect the rate of inflow. The 
higher the temperature, all other conditions being the same, 
the more milk will pass through the inlet. 

3. Speed.— All modern machines have a device by which their 
speed can be determined. Most speed indicators consist of a 
little wheel, which, when pushed up against the spindle of the 
separator while running, turns around and permits the calcu- 
lation of the speed of the separator. If the wheel on the sp(^ed- 
indicator turns 10 revolutions during ten seconds, the machine 
would turn 1000 times during the same time. During one 
minute the separator will run six times as many revolutions, 
or 6000, as ten seconds is one-sixth of a minute. Most sjx'cd- 
indicators arc so adjusted as to turn one revolution for every 
100 revolutions of the machine. The higher the speed, the 
more thorough is the separation. N('arly all machines are 
balanced to do the l^est work at a certain dt'finite speed, varying 
with different machines, and indicated in the diit^ctions for 
operating. It is essential that the machine should be brought 
up to speed gradually, and no milk be allowed to flow through 
it until after it has acquired its full speed. 

During the run, all machines are likely to vary more or less 
in speed, owing to different causes. Pulleys are likely to slip 
on the shaft, and belts are likely to become loose, and thus 
cause variations in the speed. The steam pressure is likely 
to get low, and cause all of the machinery in the creamery to 
run more slowly. This cause, however, is not a very common 
one where belt separators are used. If the engine has an auto* 
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matic governor on it, the speed is usually quite uniform. Where 
steam-turbine machines are used, the speed of the machine is 
more likely to vary with the different amounts of steam pressure 
on the boiler. With turbine st'parators it is very essential to 
keep an even steam pressure. Some turbine s('parators have 
a safety-valve attached to pitwent too high speed. 

The reason why the prevention of a variation in speed is so 
essential is that a slight variation in the spiked has a compara- 
tively large effect upon reducing or increasing the centrifugal 
force. The centrifugal force generated in a machine varies 
according to the diameter of the bowl, and according to the 
speed of the macliine. The greater the diameter of the lx)wl, 
the less speed of velocity is required in order to get a certain 
force. The centrifugal force varies in direct proportion to the 
diameter of the bowl; that is, if the diameter of the bowl l)e 
doubled, then at the same si)eed, the centrifugal for(‘e has l)een 
doubled. The centrifugal force varies in quadratic proportion 
to the speed of the machine; that is, if the s|K'ed of tlu* sepa- 
rator is doubled, the centrifugal force is incr(‘as(‘d four times. 
From this it will be seen that spe(‘d is a gn‘at factor in deter- 
mining the centrifugal force generated. It is not a gcKxl plan 
to have the diameter of the bowl too larg(‘, for the following 
reasons: A large bowl is more likely to lx? thrown out of balance; 
it is harder to keep on the Ix^arings; and it is heavier and more 
unhandy to handle. For these reasons it is lx}tt(‘r to l(*ssen the 
diameter of the bowl and increase the speed. This, of course, 
is true only to a certain limit. 

Steadiness in Running.— Smooth running of a separator is 
one of the first essentials. If a machine ruas roughly, there 
will not he good separation, and it is dangeroas to run it. The 
bowl itself is likely to jump out, or burst. The causes for 
unsteadiness in running are many. It may Ik? due to a bent 
or sprung spindle; the machine not standing level; chan^ng 
covers to bowls; using clamps which do not fit the bowl cover; 
unclean, worn-out bearings; condition of the bowl, and con- 
trivances inside the bowl; and dented and rusty bowls. OccBr 
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flionally it happens that a machine is run backwards. This is 
likely to cause the cover of the bowl to run off. 

Thickness of Cream. — The efficiency of skimming depends 
to some extent upon the thickness of the cream skimmed. 
Most separators, however, will skim within quite a wide range 
as to thickness. The richness of cream usually skimmed by 
separators is about from 25% to 50%. Most separators, how- 
ever, will do good skimming even if the cream contains as high 
as 60% fat. This, however, should be considered to be about the 
maximum, in order to get the best results from a separator. 

Slush in Bowl.— As has lx3en mentioned before, there is 
always a thick, slimy substance which adheres to the bowl- 
wall. The composition of separator-slime is, according to 


Fleischrnann, as follows: 

Water 67.3 

Fat 1.1 

Caseous matter 25.9 

Other organic substances 2.1 

Ash 3.6 


100.0 

At the center of the bowl, or along the axis which runs 
perpendicular in the bowl, there is always considerable cream. 
It is practically impossible to get all the cream out of the bowl, 
even if it is flushed with much water. The amount of slush 
varies somewhat with the different kinds of separators. For 
this reason, it is essential that it should be taken into con- 
sideration when the comparative efficiency of skimming of 
different separators is considered. When the test extends over 
a comparatively long period, and the milk skimmed amounts 
to several thousand pounds, then the bowl-slush does not affect 
the conditions for comparative results very much; but when 
the test is short, and only a hundred pounds of milk, or a similar 
amount, is skimmed, then the amount of fat left in the bowl- 
slush will have considerable influence upon deciding which one 
is the most efficient machine. 
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General Remarks —In order to keep the separator in good 
running order, it must receive care. The belt should not be 
too tight, nor too loose. If too tight it is likely to bind, heat, 
and set the bearings of the separator. If too loose it is likely 
to slip, and to wear out more quickly. The machine should be 
well oiled. It is better to use a trifle too much oil than not 
enough. If a bearing is once heated, the machine will never 
run as well again. 

The bowl should be handled with great care. Bowls, or 
parts belonging to the bowl, can be kept from rusting by boiling 
them in water, or by steaming them thoroughly after they 
have been cleaned. If scalding-hot water is used before the 
milky portion has been washed off, the albuminoids will be 
scalded on to such a degree that it is difficult to get them off. 
This applies to all dairy and creamery utensils. Hot water 
is said to be best in which to dip tin or iron- ware after washing 
in order to keep them from rusting. If the bowl, pail, or 
whatever utensil it may be, is turned over to drain after being 
dipped in hot water, the heat taken up by the utensil will in a 
short time perfectly dry the apparatus. If the bowl is steamed, 
it should be heated thoroughly to make it dry quickly. 

If the milk supply gets short during the run, and it is neces- 
sary to run the machine without feeding milk, then the machine 
should always be flushed with luke-warm water. This will, in 
a measure, prevent clogging. Scalding-hot water should never 
be used for flushing the separator. The cream and skimmed- 
milk tubes should be carefully cleaned, with the special wire 
provided for that purpose, each time the machine is washed. 
The contrivances on the inside of the bowl should also be 
handled with care so as not to injure them in any way. They 
should be treated with hot water, as mentioned above, in order 
to keep them from rusting. 

When the bowl is not to be used for some time, it Aould 
be oiled well so as to prevent it from rusting. It is easier to 
oil a separator bowl than it is to scour the rust off later om 



CHAPTER XII. 


FARM SEPARATORS. 

The conditions affecting the efficiency of skimming and 
the relative amount of cream and skim-milk described under 
“ Creamery Separation apply to farm separators as well. The 
conditions under which the farm separators are operated war- 
rant a few separate remarks on this subject. 

Introduction of Farm Separators. — Small, or hand, separa- 
tors, have been manufactured for a good many years. It is, 
however, not until comparatively recent years that they have 
been numerous enough to be of commercial importance. The 
people in the Central West (Iowa, Kansas, Nebraska, Missouri, 
Minnesota, and Illinois) have been most prominent in intro- 
ducing farm separators. In the year 1894 hand separators 
were introduced in Iowa, but it was not until 1898 that they 
gained sufficient foothold to be of commercial importance. 
According to the Iowa Dairy Commissioner's report of 1898, 
there were then only 904 farm separators in the state of Iowa. 
Now, in 1904, there are more than 17,000 separators. Glancing 
over the statistics it will be seen that the rate of increase in 
hand separators during the years intervening between 1898 
and 1904 has been uniform and rapid. This proves that the 
dairy business is still in a transitional period, and the intro- 
duction* of hand separators still on the increase. Such a time 
in any industry is always accompanied by more or less incon- 
venience, difficulty, and dissatisfaction. To receive a part of 
the butter-fat in the form of cream, and the other part in the 
form of milk, is undesirable. Under such a system it is always 
difficult to get milk or cream routes organized; proper sampling 
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becomes more or less difficult, and the quality of butter is 
harder to control. 

Reasons for Introducing Farm Separators. — It requires an 
investment of about $100 to purchase a hand separator. 



Fia. 77. — ^The Omega hand separator. 


t 

Most of the butter made from hand-separator cream is of poor 
quality. Still, in the face of this, separators have rapidly -iu 
creased. It may be concluded that there must be some good 
reasons why farmers are continuing to invest in farm separators. 
Tliere are undoubtedly many reasons why farmers prefer hand 
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separators; reasons which are, to a large extent, confined to 
local conditions. Only a few of the chief and general reasons can 
be given here: 

(1) The farmer is able to skim the milk at once after it 
has been drawn, thereby enabling him to feed the milk while 


Fia. 78. — ^The Iowa hand separator. 



Fia. 79. — ^The De Laval hand separator 
(Baby No. 1). 



it is in a warm, sweet, unadulterated condition. If he hauled 
the milk to the creamery, the skimmed milk would be likely 
to come back in a sour and curdled condition, and at times 
watery. (In a well-conducted creamery these latter conditions 
do not exist.) 

(2) pie high cost of hauling in many instances makes it 
almost impossible to get the milk to the creamery. Even if 
the roads are good,* the distance to the creamery is frequently 
80 great that it is impossible to get haulers, nor is it practical 
for every farmer to haul his own milk every day. Especially 
is this so during the busy season of the year. In the fall, 
when milk is scarce, it is almost impossible for the hauler to 
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get enough milk to make it profitable. In many cases it is 
necessary to pay an excessive price for hauling milk. 

When cream routes are established instead of milk routes, 
one hauler can usually cover as much territory as three could 





Fig. 80. — Simplex hand separator and the dijerent parts of bowl. 


under the milk system. Two thousand pounds of milk, testing 
4% and containing 80 pounds of fat, would represent approx- 
imately a load of milk. At 12 cents per 100 pounds, this 
would mean a cost of $2.40 for getting that much milk 
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hauled. If the same amount of butter -fat were hauled in the 
form of cream, it could be gathered for about cents per 
pound of fat, or the cost of hauling in this particular case 
would be $1.20. Under the milk system it would be neces- 
sary to haul the milk to the creamery every day, while 
under the cream system it is usually gathered every other 
day in the summer, and every three days in the winter. It 
is usually considered that there is a saving of about IJ to 2 



Fio. 81 . — Sharpies separator and parts of bowl. 


cents per pound of butter-fat in hauling, by making use of the 
cream system instead of the milk system. This, of course, 
would vary at‘cording to local conditions. 

3. The use of hand-separators makes farmers more inde- 
pendent than they are under the whole-milk system. They 
are not compelled to ^support their local creamery unless they 
deem it advisable. Iliey can ship their cream to any place that 
they may choose. If the butter from the hand-separator cream 
is going to be of as good quality as that made by the whole- 
milk system, the cream should be delivered as often as possible. 
Every day is preferable to every other day. In case frequent 
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delivery is made, then it becomes quite essential for the farmer 
to patronize the local creamery, as very few farmers keep suffi- 
cient cows to get enough cream to pay them to ship by rail 
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Fig. 83. — De Laval 
hand separator. 


Objections to Farm Separators.— Under the present manner 
of carrying on the hand-separator system, the quality of butter 
manufactured from the cream shipped into the central plants 
is much poorer than that made from whole milk. This is 
not due to any fault of the system, but to the poor care which 
the separator and cream receive. The sepa- 
rator on the farm is frequently kept in an 
unsuitable place. Often it is located in the 
barn. If the milk is separated in such a 
place it will absorb odors and undesirable 
taints. The cream is seldom taken care of 
properly after it is sej)arated. The separators 
often are not cleaned well. A separator can- 
not be kept in good condition by simply 
flushing out the bowl with cold water at the 
end of each separation. It must be taken 
apart at the close of each skimming; have all 
the parts washed thoroughly in luke-warm 
water, and then scalded. The time and power it requires to 
skim the milk and to care for the milk is in many instances 
considered objectionable to the system. 

Thickness of Cream.— The thickness of cream which most 
butter-makers at central plants prefer is cream containing 
about 30 to 40% of fat. Such cream is not thick enough 
to cause any inconvenience in sampling and weighing. It can 
be diluted with a good starter and ripened without getting it 
so thin as to produce unfavorable conditions for churning. 
By some it is deemed advisable to skim even thicker than this, 
up to 50%. Cream containing this much fat, however, is 
difficult to handle especially in winter, during cold weather. It 
gets so stiff that it is difficult to pour^ and there is also danger 
of losing more or less •cream through its adhering to the sides of 
the cans. 

A thick cream is advisable from the farmer’s standpoint. 
The thicker the cream is, the more skim-milk he will retain 
on the farm for feeding purposes. It can also readily be seen 
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that if thin cream is skimmed greater can capacity is necessary, 
and the express charges will be heavier than if the thicker 
cream were skimmed. Rich cream docs not sour so rapidly 
as does tliin cream. 



Fig. 81.— The Tleid hand separator. Fig. 85.— Empire hand separator. 


The thickness of cream can be readily ascertained by the 
use of a Babcock test, which every farmer should have in his 
possession. A whole outfit for testing fat in cream or milk 
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can be had for about $8.00 from any creamery supply-house. 
By the use of such a test, the farmer can test his cream and 



Fig. 80.— Peerless hand separator and cross-section of bowl, 
skimmed milk. He can also test the milk of each individual 
cow in the herd, thereby ascertaining whieh ones are profitable. 




Fig. 87. — ^Agos hand tester. 

By the use of such a test on the farm, the farmer can test his 
©•earn daily, and compare results with those from the creamery^ 
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thereby enabling him to detect any mistake which may happen 
at the creamery. 

Power for Farm Separators.— Hand-power is often men- 



Fiq. 88. — The Dairy Queen hand separator. Fio. 89. — Scales, 
tioiied as an objection to farm separators. When a considerable 
quantity of milk is to be skimmed, it is certainly hard work 
to skim with hand-power. Windmills could not well be used 



Fio. 90. — ^Tread-power attached to United States hand separator, 
as they do not give uniform speed. The power must be steady 
and uniform. Farm separators are often run with tread- 
power. This kind of power is very applicable, and does not cost 



Fio. 91 .--Showily the height to which cream free from air-bubbles must be 
nused in a pipette to get 18 grams of cream. It shows that to measure 
cream m a pipette is inaccurate in cream testing. (Iowa State Dairy 
Com. Report, 1903.) ^ 
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anything after the tread-power has once been purchased. The 
power can be supplied by using different kinds of animals. 



Fio. 92. — Showing how the internal bowl devices of Westphalia hand sepa- 
rator are washed. (N. Y. Produce Review and American Creamery.) 

Sheep, goats, dogs, and bulls are used for this purpose. The 
process usually does not last very long, and it is not considered 
heavy work. Steam is good power, but 
it is hardly ever obtainable on the farm. 

Small gasoline-engines are also used very 
successfully. 

The machine should always run smoothly 
in order to get efficient skimming. It should 
never be stopped and started with a jerk. 

Start it slowly and there will be less dan- 
ger of breaking any of the gearing parts. 

The bowl and inside parts should be kept 
from rusting as described previously on 
page 145. The bearings should be well Fia.93.— Daviahand 
oiled. It is a good plan to have an extra separator, 
bearing or two on 'hand, so that if one happens to wear 
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out another one can be put in. The bearings shpuld be 
cleaned at intervals. When kerosene is occasionally used on 
the bearings they do not need to be cleaned so often, because 



FlO. utensils b the battered condition of the can on left and 

tb off m many places inside, cannot be kept clean and should be 
WBoaroed. (Kansas State Board of Agriculture Ibport No. 87, 1903.) 


it keeps t|3eni from gumming. The machine should be turned 
\t ^e proper speed, as indicated in the directions. A thicker 
creaoa will result from rapid turning j consequently more 
skunmed milk will be obtained. Slow turning causes ineffi- 
cient damming and thinner cream. 

* of Cream on the Farm. — The first step in the produc- 

tion of good cream is clean milking. This can only be accom- 
{didied when bam, cows, and utensils are clean. It is a good 




Fig. 95. — Cleaning cows’ udders before milking. (Bui. 84, Bl.) 150 
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plan to dampen a cloth, and wipe off the cow^s udder and sides 
each time previous to milking. The milker should never 
wet his hands while milking. Dust should not be stirred up 
in the bam during milking, as the dust particles cany with 
them a large number of undesirable germs. When these settle 
in milk they are likely to produce taints. If cloth strainers 
are used they should be kept scrupulously clean. It is advis- 
able not to use them at all, as good sanitary wire-gauze strainers 
are inexpensive. 



FlO, 93. — Showing the effect of cooling milk on the growth of bacteria. The 
^neticial results of early chilling are readily apparent. (From Bui. 62» 

If these conditions are complied with, and the separator 
id kept in a good clean condition, the milk will have compara- 
tivdy few germs in it. Some germs, however, will enter the 
milk, and in order to keep then; from developing, it is essential 
to cool the cream or milk immediately. Low temperature 
^ retards and practically prevents the development of germ life. 
It is a well-known fact that when milk is kept cool, it will 
remain sweet much longer than if kept at a hi^ temperature. 
Never mix two milkings or skimmings unless both are well 
cooled first. In order to cool cream quickly, it should be 
stinM during cooling. The ordinary four-gallon shot-gun cans 
are good and suitable for keeping milk and cream. They have 
a large cooling surface in proportion to their cubical content. 
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fhe milk or cream should be cooled as low as the water will 
cool it. It is well to cool it even lower than this if ice is ob- 
tainable. In keeping milk, the temperature should never go 



Fig. 97. — ^The condition of the cow shown in this cut is favorable for the 
accumulation of loose dirt. 84, 111.) 


above 60° F. Cooling to 50° F., if it can be accomplished, is 
much more desirable for keeping milk or cream in good condi- 
tion. 







Flo. 102. — An ungraded yard in which the manure is allowed to accumulate. (Bid. 92, 111 ) 
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the water call be pumped directly to the tank holding the milk 
and cream. From this place the water can be run out into 
the stock-tank. This arrangement allows the milk to be kept 
at the lowest possible temperature. 

It is just as essential to cool the milk during the winter 
as it is during the summer. By pumping water through this tank 
practically all the time, the water in the tank will be kept from 
freezing. It is well to keep the surface of the water higher 



Fig. 103.— The average weight of dirt which falls from muddy udders dur- 
ing milking is ninety times as great as that which falls from the same 
udder after washing, and when udders are slightly soiled it is twenty- 
two times as great. (Bui. 84, 111.) 

than the surface of the milk in the can. This will prevent the 
milk from freezing so easily. If the cold is too severe, a tank- 
heater can easily be secured which will moderate the tem- 
perature a trifle. 

Disposition of the Cream. — There are two ways of disposing 
of cream on the farm: (1) selling it to creameries or other 
parties, and (2) making it into butter on the farm. The former 
method is usually the most advantageofls. Creameries, as a 
rule, are better equipped to control the quality of butter. The 
price per pound of butter-fat is usually about 2 cents below 
'^New York Extras.” A few of the best co-operative cream- 
eries are able to pay more than that. 
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Shipping of Cream. — If cream is sent or shipped to cream- 
eries and central plants, it is essential that it be delivered as 
frequently as possible, and tjiat it be delivered in cans which 
will help keep it in good condition. If cream is to be shipped 
any great distance and be exposed to the sun, it is advisable tx) 
use special jacketed cans, which retard the transmission ol 
heat. It is a good plan to cover the cans with a wet sack 
>r cloth during the suriinicr, and the use of a dry sack or 



Fig, 105. — ^The Bulil milk and cream can. Fio. 106. — A barrel chum 


the outside in the winter often prevents the cream frou* 
freezing. 

Making Butter on the Farm.— If cream is kept in good 
condition and proper skill is applied, the best of butter can 
be made on the farm. Theoretically, better butter can be 
made on the farm than at the creamery, because all conditions 
can be controlled better. This is nof so in creameries. One 
can of bad cream mixed with a quantity of good cream is likely 
to contaminate and injure the whole lot. The cream which 
is to be made into butter on the farm should be ripened, or 
soured, properly before it is churned. In creameries, starters 
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are used to set up a quick and desirable fermentation in the 
cream. Conditions are usually. such on the farm that it is not 



Fio. 107.— -The Davis swing-chum. Fig. 108. — Sanitary glass milk- 

bottle and cap for same. 

convenient and practical to use a starter. In the summer the 
cream can be lifted out of the cold water the morning previous 



Fio. 109, — Skinner butter-worker. 


to churning, and it will ^our during the day. In the evening, 
or when it has soured, it can be set back into the water to cooL 
The next morning it is ready for churning. In the winter the 
cream can be soured by warming it up or keeping it in a warm 
place. If some good sour milk is on hand, it might be added, 
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and the cream will sour much quicker. It is very essential that 
the cream can be cooled to a low temperature (50® F.) and left 



Fio. 110— Milk or cream can Fio. 112.— The Jersey can-bnish. 
with agitator. 


at this temperature for at least two hours before it is chumeil; 
otherwise the butter is likely to be greasy and salvy. Color 
and salt to suit the market and season. About three-fourths 
to one ounce of salt to one pound of butter usually gives good 
results. • 

If a local trade can be secured, it is not necessary to pack 
it into tubs. Earthen jars are good to keep butter in. If no 
local trade can be seemed, and it is essential to ship the butter, 
20- or 30-pound tubs should be used. If a good quality and 
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constant supply ot butter can be secured throughout the whole 
year, it is an easy matter to find an excellent market for butter 
at hotels or good restaurants. (For a more detailed discus- 
sion 0/ butter-making, see Chaps. XVI and XVII.) Putting up 
butter in prints and wrapping them in parchment paper which 
bears the maker^s name usually increases its value. 




Sectional views of International Harvester Co. Cream Separator. 



CHAPTER Xin. 


PASTEURIZATION. 

Definition. — The word pasteurization has its derivation from 
Pasteur, a French scientist. Pasteurization consists in heat- 
ing milk somewhere between 140° F. and 212° F. This kills 
practically all germs in a vegetative state. Since most of them 
are in a vegetative condition, the process kills almost all the 
organisms. The heating is followed by rapid cooling. Sterili- 
zation” is a word which is some times used incorrectly in con- 
nection with pasteurization. Sterilization means that milk or 
any other substance has been heated so often or to such a high 
temperature as to entirely destroy every living micro-organism 
present. In order to get a substance thoroughly sterilized 
without heating under pressure, it is essential that it be heated 
about thirty minutes on each of three or more successive days. 
Pasteurization in the dairy industry was introduced by Pro- 
fessor Storch of the Royal Experiment Station, Copenhagen, 
Denmark. 

Methods of Pasteurization.— 

(1) Intermittent. 

(2) Continuous. 

1. Intermittent pasteurization is usually accomplished in 
^ vats or cans. It is used nearly exclusively when pasteurization 
is practiced on a small scale, such as preparation of starters 
in creameries, pasteurizing cream and •milk on the farm, etc. 
Intermittent pasteurization is as efficient, and imdoubtedly more 
so, than the continuous method. The substance pasteurized 
is usually exposed to the high temperature a longer time than 
it would be by the intermittent system* In the continuous 

m 
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method of pasteurization the substance pasteurized is exposed 
only to a sudden temporary heat 

The intermittent process of pasteurization tends to drive 
off more of the undesirable taints present in the milk or cr^m. 
This is especially true when stirred occasionally. If heated too 
long the cooked flavor is likely to be more pronounced than 
when the intermittent system is used. If exposed very long 



ITiq. 115 .— Scheme for pasteurizing akim-milk by the use of exhaust-steam 
direct. (Creamery Journal, by W. P. Mc(,’onnell, Minn.) 


to the high temperature and stirred excessively during the 
intermittent pasteurliation, the butter-fat tends to melt and 
run together, and show, itself on the top of the cream in the 
form of an oily layer. 

During recent yoars the regular cream-ripening vats have 
been used for both heating and cooling the cream. One com- 
mon form of these consists of a series of discs connected with 
the hollow shift extending through Uie center vat. 

Thm diecs are connected, and jp||, 0ne spiral. 

When, it rotates, the cream || When susiMi or hot 
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water is passed through the cream is heated and when cold 
water or brine is passed through the cream is cooled. Instead 
of the discs other vats have a coil. These latter have the 
advantage that they stand a greater steam pressure. 

These combined pasteurization and r:[X'ning vats are handy 
and economic. Experiments show that if the cream is properly 
heated and not beaten excessively and properly cooled the tex- 
ture of the butter is not injured. 

2. The continuous method of pasteurization is more practical 
for large amounts of milk or cream. It is used almost without 
exception in pasteurizing cream, whole milk, and skim-milk 
at creameries. Neither one of the two systems destroys spores. 
The intermittent system is the most effective because both 
time and temperature are under control. Various pasteuriz- 
ing machines are in use, and it is not within the province of 
this work to recommend any machine. A few words in- regard 
to the principles which affect proper pasteurization will serve 
a better puipose. 

Selection of Pasteurizers. 

Improper pasteurization is worse than none at all. If 
pasteurization is done at all, it is essential that it be properly 
accomplished. 

There are two things to be sought when purchasing a pas- 
teurizer; viz., (1) durability and capacity, and (2) economic 
efficiency. 

1. Durability and Capacity, — The structure of most pas- 
teurizing machines is simple and substantial. They do not 
wear out like a complex piece of machinery. It is essential 
that the machine be strongly made. Heating-walls and other 
portions should be made heavy enough to be consistent with 
its use, and of a substance which will conduct heat rapidly. 
Nearly all the types of pasteurizers are made in different sizes 
to suit the demands. 

2. Economic Efficiency.— Obtaining efficient pasteurization 
economically is the most important question. It is important 
in this connection because it depends upon so many conditions 
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which the operator has under control. The degree of con- 
ductivity of heating-surface during operation, may in one sense 
include most of the essential factors which affect pasteurization. 
This in turn depends upon a number of conditions which are as 
follows: 

(1) Kind of material from which the heating-surface is 
manufactured. 

(2) Degree of adhesiveness of milk or cream on heating- 
surface. 

(3) Thickness of layer of condensed steam, on steam side of 
heating-surface. 

(4) Difference in temperature on each side of heating-surface. 

(5) Proper utilization of steam turned into the pasteurizer. 

(1) Heating-surfcue.—li is a well-known fact that some 

metals will conduct heat better than others. The relative heat 

conductivity of the two sub- 
stances used chiefly for pas- 
teurizers, viz., copper and tin, 
is .918 and .145 respectively. 
This means that copper will 
conduct heat nearly seven 
times faster than tin of the 
same thickness. 

In connection with this it 
should be mentioned that sta- 
bility anddurabihty of thesub- 
stance must also be taken into 
consideration. A heating- 
surface made from copper may 
be nearly seven times as thick 
as that made from tin, and 
still transmit as much heat as 
the tin surface. From this it 
can be seen that a heating wall made from copper can be in- 
creased slightly in thickness, and thus aid in stability, without 
affecting the degree of heat conductivity of the wall very much. 
The heating-surface must be strong enough to withstand a slight 
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steam pressure, otherwise the heating wall is likely to collapse 
or cave in in case of slight variation in the steam pressure. It 
is not an uncommon occurrence to have the heating wall of a 
pasteurizer burst. This could be prevented by connecting a 
safety, or pressure, valve, to the pasteurizer. 

(2) Degree of Adhemeness. — ^Roughness, due to either 
defects in the metal itself, or to milk or cream being burned 



Fig. 117. — The Simplex regenerative pasteurizer (apart). 


on the heating-surface, is a serious defect. Such a condition 
causes particles of milk or cream to move very slowly over the 
heating-surface; it tends to roll in much the same way as 
drops of Uquids do when caused to flow over a slanting dry 
rough surface. As a consequence more and more casein will 
adhere. The thicker the layer of foreign matter is on the 
heating-surface, the greater the difficulty in getting the greatest 
efficiency from the pasteurizer. 

It is important that the milk or cream be forced over the 
heating-surface with greater rapidity than could result from 
its own gravity. On heaters or pasteurizers, where milk flows 
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over the heating-surface only by force of its own gravity, a 
heavy layer of curd usually adheres. This is due to the fact 
that certain portions of the milk are exposed to the excessive 
heating too long, while if caused to move rapidly it does not 
remain in contact with one portion of the heating-surface long 
enough to cause it to adhere to so great an extent. 



Fio. 118. — ^The Simplex regenerative pasteurizer (aasembled). 

The condition of the milk or cream has some influence upon 
the degree of adhesiveness of curd on the heating-surface. 
Sour and coagulated piilk adheres or burns on to a greater 
extent than does milk or cream in good condition. This is 
evidently due to the lesser fluidity of the sour milk, and, as a 
consequence, it does not move over the heating-surface so 
rapidly, and therefore burns on. Milk which contains a great 
dc^ of air or scum also adheres to the heating-surface much 
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more readily than milk containing less air. If pumps are used 
for pumping the milk, it is well to admit as little air into the 
milk as possible. This can be accomplished by keeping plenty 
of milk in the tank which feeds the pump, or by having a float 
which will close the inlet to the pasteurizer as soon as the tank 
is emptied. If the speed of the agitator in the pasteurizer 
is great enough, the scum is forced towards the center. For 



Fig. 119. — ^The Jensen pasteurizer. 


some time it was thought that only the best sweet milk could 
be pasteurized by the intermittent process of pasteurization. 
It is well known that when a sample of milk reaches a certain 
degree of acidity it coagulates upon heating. It was thought 
that by the continuous method of pasteurization this would 
interfere with getting proper results. Experiment, however, 
shows that the coagulated sour cream and milk can be suc- 
•cessfully pasteurized, but it is still a fact that the better con- 
dition the milk or cream is in, the easier it can be pasteurized 
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and the better the results are. If pasteurization is not prop- 
erly conducted, often the sour milk and cream coagulate and 
get very lumpy. This takes place chiefly when pasteurization 
is attempted at a comparatively low temperature, at a slow 
rate of speed of the agitator in the pasteurizer, and when there 
is about from .3% to .4% acidity in the cream or milk. Sour 
thin cream — less than 28% fat — does not pasteurize successfully. 

In case there is any danger of sliminess taking place during 
pasteurization, the heat should be applied as cjuickly as possible. 

Only a thin layer of cream 
should be exposed to the 
heating-surface at one time. 
Flashy, (piick heat tends to 
prevent this slimy condition. 
The s})ced of the stirrer should 
be increased, if possible, when 
such creaih is being pasteur- 
ized. 

By greasing the inside of 
the past(‘urizer, or the heat- 
Fio. 120. — he Miller pasteurizer. ing-surfacc, a trifle previous 

to pasteurization, the burning- 
on can be prevented in part. The casein that adheres can 
be more easily removed than if no giease were used. 

(3) Thickness oj Layer oj Condensed Steam . — At first glance 
one might come to the conclusion that the small amount of 
steam which is constantly being condensed upon and adhering 
to the steam side of the heating-surface is not sufficient to 
cause any difference in the efficiency of the pasteurizer. Ex- 
periments conducted by Dr. Storch of the Royal Experiment 
Station, Copenhagen, Denmark, show that this condensed steam 
greatly resists the transmittance of heat. The comparative 
heat conductivity of water and copper is .0016 and .9 respec- 
tively, as found by Dr. Storch. It will thus be seen that copper 
is 600 times as good a conductor of heat as water is. This would 
mean that a quiet layer of water 3 millimeters in thickness 
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would have the same resistance to heat as a layer of copper 
2 meters in thickness. Consequently a very thin layer of water 
or condensed steam on the sides of the heating-wall would 
greatly interfere with the economic efficiency of a pasteurizer. 

In order to overcome this difficulty drip-rings were circled 
round the drum of the pasteurizer at intervals on the steam side 
of the heating-surface. The first rings put around the pasteurizer 
were narrow smooth bands. These did not give entire satisfac- 
tion, as the condensed water from the top rings would drip on 
the edge of the lower ones, and cause the water to splatter over 
the side of the heating- wall. Another kind of ring was then in- 
vented, which 
was thin, nar- 
row, and saw- 
teeth-like in 
shape. These 
rings were fast- 
ened to the 
heating-wall at 
proper inter- 
vals at an angle 
of 45^ The 

rings were so Farrington pasteurizer, 

arranged that 

the drops of condensed water escaping from the end of each saw 
tooth would fall in the hollow between the teeth in the lower rings 
and thus prevent any splattering of the water against the heating- 
wall. These contrivances greatly increased the efficiency— as high 
as 48%-and the capacity of the pasteurizer experimented uf»n. 

(4) Difference in Tempdalure on Each Side of the Heating- 
surface— The difference in the temperature on each side of the 
heating-surface has a great effect upon ftie rapidity with which 
the heat passes through the wall. The lower the temperature 
is on the milk side the more rapidly does the heat pass through; 
and the higher the temperature of the milk is, the pressure on 
the steam ade being the same, the more slowly the heat passes 
through the heating-waU. This would at first lead us to be- 
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lieve that the last few d^rees the milk is beii^ heated are th 
most expensive; but if the steam is properly guarded from 
being condensed, or wasted, it does not cost any more to heat 
the imlk the last few degrees than it does to heat the first degrees. 
While the temperature on the milk side is low, much more 
steam is consumed, and it is also used more rapidly. During 
the last heating of the milk or cream less steam is being con- 
densed and the condensing proceeds more slowly. 

When the temperature on the steam side is 220° F, and on 
the milk side is 40° F. during the same time, twice as uiuch 
heat will pass through the heating wall as if the temperature 
of the milk side were 130° F. In the first ca.se the difference 
in temperature on both sides would lx;; 220 - 40= 180° F. In 
the second instance it would be; 220 — 130 = 90°. F. 

( 5 ) Proper Utilization of Steam T^imed into the Pasteurizer. 

— The cost of pasteurization will evidently vary under different 
conditions and with different kinds of pasteurizers. In order 
to reduce the cost of pasteurization to the minimum, it is 
essential that all steam turned into the pasteurizer be properly 
utilized. The pasteurizer, as well as the stoam-pipes, should 
be properly insulated in order to prevent unnecessary conden- 
sation of steam. According to experiments carried on by 
Dr. Storch, all steam contains more or less air. By making 
a device on the pasteurizer for the escape of this air better 
results were obtained. By the use of such a vent it was made 
possible to heat 1890 pounds of water from 52® F. to 185® F., 
while without this air device, and with the same amount of 
heat, only 1467 pounds of water were heated. That is, by 
this device he made a gain of 30% in the heating efficiency 
of the pasteurizer. The contrivance used was simply a pipe 
attached to the bottom of the pasteurizer and extending down 
below the pasteurizer 4bout 2 feet, then turned or bent, and 
brought up vertically a few inches above the bottom of the 
pasteurizer. The mouth of the pipe was then turned over. 
This pipe accomplishes two purposes. It removes condensed 
water fiom the pasteurizer, and also the accumulated air. It 
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is also essential that the pasteurizer should not leak. All the 
steam turned into the pasteurizer should be condensed before it 
is allowed to escape. 

The Cost of Pasteurization.— Dr. Storch in his 43rd report of 
the Royal Agricultural Experiment Station, at Copenhagen, 
Denmark, reports that it requires 80 pounds of steam to heat 
1000 Danish pounds of milk from 40° C. to 85° C. This would 
be equivalent under American conditions to about 90 pounds of 
steam to pasteurize 1000 pounds of milk from 90° F. to 185° F. 

According to good authority it takes 1 pound of lump coal 
to produce 6 pounds of steam. Calculating from this, it will 
take 15 pounds of coal to produce 90 pounds of steam. If 
coal costs $4.00 per ton, the cost of 15 pounds of coal would 
be 3 cents. If the milk tests 3.6% fat, and calculated on 
onc-sixth overrun, the 1000 pounds of milk would produce 
about 42 pounds of butter. The cost of pasteurizing the milk 
producing 42 pounds of butter is then 3 cents, and the cost 
of pasteurization per pound of butter would be .07 of a cent. 

Taking into consideration the cost of cooling, and counting 
on about .03 of a cent for leaks involved during the process, 
the cost of pasteurizing per pound of butter would be about 
.1 of a cent. As a rule, the major portion of the cooling is done 
with water, which at most creameries costs little or nothing. 
For this reason the cost of cooling has been omitted. 

Advancement of Pasteurization. — During the last few years 
pasteurization has gained favor with the American creamery 
operators. It has been thoroughly demonstrated that if the best 
product is to be manufactured it is absolutely essential that the 
operator have complete control of the fermentations in the 
cream or milk. This control of the fermentation can best be 
accomplished by the process of pasteurization. Pasteurization 
has been gaining favor with the creanftery operators owing to 
its own merits. The Danish Government compelled the pas- 
teurization of milk or cream as a safeguard against tuberculosis. 
It was found not only that the system was efficient in this 
respect, but also that it produced a more uniform product, with 
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better keeping qualities. At the present time nearly all of the 
central plants are pasteurizing their cream to a greater or less 
extent. 

Advantages of Pasteurization. — The advantages of pasteur- 
ization are many, but the chief ones are as follows : 

(1) It enables the butter-maker to produce a uniform 
quality of butter. If most of the germs are destroyed by 
pasteurization, and a pure culture added to the cream, the 
ferments added will be in full control. If no tiling but a desir- 
able kind of germ is added, it follows that. the product will be 
uniform in quality In this way practically the same results 
can be obtained from day to day. 

(2) It eliminates many of the undesirable taints in the milk. 
Especially is this effect noticeable during the fall, when cows 
are liable to eat. weeds that taint the milk. No matter how 
well milk has been taken care of, it usually contains taints 
which, when pasteurized will be partially eliminated from the 
milk. 

(3) It destroys most of the germs. This is important 
for two reasons. It destroys most of the germs which effect, 
the quality of the butter, and it also destroys the pathogenic 
germs, thus preventing the spread of diseases, such as tuber- 
culosis, typhoid fever, etc. 

(4) The butter-maker can control the fermentation in cream 
much more easily when pasteurization is employed. It has 
been demonstrated that the quality of the butter depends 
in large measure upon the kind of fermentation. When the 
fermentation in the cream is thoroughly controlled, a better 
quality of butter can be produced. When the milk is in first- 
dasB condition, fully as good butter can be produced without 
the use of pasteurization, but it does not keep so well. Milk 
may appear to be in gocxl condition, and yet at the same time 
contain germs which are detrimental to the quality of the 
butter. 

It is at the present time a matter ol dispute whether milk 
and cream in a really sour and poor condition is benefited 
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much by pasteurization. The flavor of the butter made from 
such pasteurized cream is usually not improved very much, 
powever, the keeping quality of butter made from poor cream 
pasteurized is usually better than if no pasteurization had been 
employed. If the inferior quality of cream and milk can be 
pasteurized, neutralized with an alkali, such as powdered chalk 
or bicarbonate of soda, then inoculated with a desirable species 
of bacteria and re-ripened, the quality of butter can be im- 
proved several points. But experiments carried on at the 
Iowa Experiment Station indicate that the improvement in the 
quality of butter is not very permanent. Immediately after it 
has l)een made there is a very distinct improvement in the 
quality of the butter from such cream, sometimes as much as 
five points. But for some reason butter from cream that has 
been neutralized in such a way does not seem to keep well. 
Some days after its manufacture it begins to lose decidedly in 
flavor and to assume a very rank condition. For this reason 
this method of treating poor cream has not been generally 
advocated. The deterioration that takes place in such butter 
after standing seems to be due to chemical changes rather 
than to biological changes. The butter referred to was kept 
in a refrigerator at a temperature of about 50° F.; if the rancid 
flavors were due to the growth of micro-organisms, they should 
not reveal themselves in so short a time. 

(5) Pasteurization increases the keeping quality of butter. 
This is one of the greatest advantages of employing pasteuriza- 
tion in butter-making. The advantage of keeping butter from 
the time of large supply and small prices to the time of small 
supply and higher prices, makes pasteurization in butter-making 
of vital importance in improving the keeping qualities of butter. 
Butter made from good pasteurized cream and washed in pas- 
teurized water will keep about twice *83 long as butter made 
from the same kind of cream not pasteurized and washed in 
unpasteurized water. 

(6) If milk is pasteurized previous to skimming, closer 
skimming can be obtained than if the milk were heated to a 
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comparatively low temperature. The reason for this has been 
previously explained. 

Disadvantages of Pasteurization. — The cost and additional 
trouble involved in pasteurizing are undoubtedly the chief 
disadvantages that could be brought up against pasteurization. 
As was ealculated above, the cost of pasteurization, after the 
pasteurizer has once been purchased, is only .1 of a cent per 
pound of butter. This cost would be reduced considerably 
if the cream only were pasteurized, and increased if the cream 
and skim-milk were pasteurized in separate machines. The 



Ro. 121.-€ompariTOn of deterioration of butter made from paeteuriied 
cream and waah-water to that made from unpasteurized cream and 
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initial cost of the pasteurizer is the great mountain to over- 
come in the introduction of pasteurization in creameries. 

l^Tien pasteurization is employed in butter-making, it is 
absolutely essential that the greatest degree of skill and in- 
telligence be applied. If care is not taken pasteurization is 
likely to produce a posrer quality of butter than is the case 
when no pasteurization is employed. Especially is this true 
when sour or abnormal cream and milk are being pasteurised, 
and little or no starter is used. ' 
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CREAM-RIPENING. 

Definition.— By cream-ripening we mean the treatment 
cream receives from the time it is put into the ripening-vat 
until it is put into the churn; and also the chemical, biological, 
and physical changes cream undergoes during the same time. 

In the whole milk creameries and in a few of the creameries 
receiving only cream, the cream goes into the ripening vat 
in the morning and no more is added during the day. In most 
creameries, however, cream is taken in during the whole day. 
This system does not permit of so perfect ripening of the cream. 
Besides it is necessary to open and close the vat at intervals. 
Under this latter system it is important that the cream vat 
has a fly screen over it, and that one end of it is covered with 
a cream stainer through which all cream is strained before it 
enters the vat. 


Objects of Ripening. 

(i) To Produce Flavor and Aroma. — The chief object of 
cream-ripening is to secure the desirable and delicate flavor 
and aroma which are so characteristic of good butter. These 
flavoring substances, so far as known, can only be produced by a 
process of fermentation. It is a well known fact that the best 
flavor in butter is obtained when the cream assumes a clean, 
pure, acid taste during the ripening. For this reason, it is 
essential to have the acid-producing germs predominate during 
the cream ripening; all other germs should if possible be 
excluded or suppressed. 

It has not yet been proved that any one particular species 
of bacteria is responsible for the production of the flavors, but it 
is agreed by all that the flavoring substances developed during 
the ripening of cream are decomposition products of bacterial 
growth, and that the types producing the lactic acid are the 
most dearable ones to have present. ' There are a great many 
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bacteria in milk and cream which will produce acid. Over one 
hundred species have been studied and described. Therfe seems, 
however, to be a comparatively few of those which produce the 
best results. 

It seems that during cream-ripening the development of 
acid, aroma, and flavor go hand in hand. This does not neces- 
sarily indicate that they are produced by the same cause. It 
is possible that the flavor and aroma substances are chemically 
produced from the various by-products of the germs. 

Bacteriologists do not agree as to what species of bacteria 
is responsible for the high quality of flavor and aroma of butter. 
Conn * claims that the germs wliich act upon the nitrogenous 



Fio. 122.— The McArea\y cream- Fig. 123.— The Miller cream-ripening 
ripening vat. vat. 


matter of milk are associated with the lactic-acid-producing 
bacteria in the production of desirable butter flavors. Weig- 
man asserts that the best results are obtained when a variety 
of species work togetlier in the cream. He has isolated a single 
species of germ which produced alcohol and lactic acid as 
by-products, and whicfi, according to experimental evidence 
deduced by him, is capable of producing the delicate butter 
flavors. Freudenrich has also studied a species of germ which 
produced alcohol and lactic acid as by-products, and was able 
to produce the characteristic butter flavors. Eckles has studied 
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this question of flavor production during cream-ripening. He 
comes to the conclusion that the flavor and aroma substances 
developed during cream-ripening may be produced by a variety 
of acid-producing bacteria. He asserts that of the species 
tried the most common milk-souring organism (Bacterium lac- 
torn) gave the most satisfactory results as a culture for ripen- 
ing cream. Storch, who has perhaps studied this question 
more than any one else, maintains that the germs producing 
lactic acid are essential to good cream-ripening, and that the 
flavor and aroma products are the results of the joint action of 
a great many species of lacticnacid-producing germs. Tiemann ♦ 
finds that an addition of a small amount of hydrochloric acid 
to the cream does not produce the characteristic flavor, and in- 
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dicates that the process of fermentation is necessary to get 
the proper flavors. Dean, of the Ontario Agricultural College, 
has recently reported that the flavoring substances can be 
developed in the starter, then added to the cream. The re- 
sulting butter has as good or a trifle better flavor than that 
which undergoes a process of fermentation by ripening in the 
psual way. 

From the investigations quoted above it will be seen that 
there is some doubt yet as to the specific origin of the flavor 
and aronaa substances developed during cream-ripening. It 
is also not known for certain just what those flavoring sub- 


* Milch-Zeitung, Vol. 13, p. 701. 
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stances are. They are evidently volatile, ether-like compounds, 
which are produced by bacterial growth during the ripening 
process. Few years ago it was thought that these flavoring 
substances were due entirely to the oxidation process, and 
that in order to get these flavors in butter it was necessary to 
expose the cream to pure air during the ripening. It has now 
been proved that air might be excluded from the cream-vat, 
aiid still good results be obtained. This does not, however, 
demonstrate that oxygen is not essential for the best results in 
cream-ripening. All cream contains more or less oxygen in 
solution. It has been thought that the oxygen that cream 
holds in solution may favor the growth of the desirable germs 
in cream, and that as soon as this has been utilized, conditions 
may become unfavorable for the desirable germs and favorable 
for the undesirable germs. 

Practically, all the investigators agree that the flavor and 
aroma substances which are characteristic of butter and which 
are developed in ripening cream, are due to bacterial growth, 
and that the germs producing lactic acid are the most desirable 
ones. We quote the following instances to show what effect 
some species of bacteria may have upon the quality of butter, 
when present in the cream: 


Number. 

Sjiecies Uned for Starter. 

Score on Flavor, 
45 Perfect. 

Selling Price. 

I)er Pound. 

1 1 
2 

HneifTium hictarii. 

39 i 

1.20 

.14 

Bacillus suhtillis 

31 




These two samples of butter were made from the same 
kind of cream which was pasteurized and inoculated with 
starters from the different germs as indicated in the table.* 
The butter ripened with Bacillus suhtillis sold for 6 cents 
per pound less than the other, a difference of nearly one-third 
in value, due to the character of fermentation in the cream 
during ripening. Therefore in developing the proper flavors in 
butter, it is very essential that the undesirable germs be ex- 
cluded or suppressed and that the conditions for the develop- 
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ment of the desitable typical acid fermente in the cream be 
made as favorable as possible. The undesirable ferments may, 
as a whole, be said to be those which act upon the nitrogenous 
matter, or those which cause ordinary decay. They very likely 
come from filth in the barn, milking utensils, unclean milkers, 



Fig. 126. — The new Jensen cream-ripening vat. (Peerless.) 


and unclean and dusty bams. Abnormal fermentations of 
cream, such as ropy, bitter, chromogenic fermentations, etc., 
are of course undesirable ferments. For kinds and classifica- 
tion of germs in milk, see Chapter IV on Bacteria, and Chapter V 
on Abnormal Milk. 

Rogers of the U. S. Dairy Division has reported that butter 
made from sour cream and held in cold storage is more likely 
to develop the common fishy flavor than is butter made from 
sweet cream. The same authority favors the addition of a 
good starter to the sweet cream, cool, and chum while the cream 
is still sweet. 

(2) To Increase Chumability of Cream. — Cream-ripemng 
is not essential in order to complete the churning process, but 
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ripened cream will chum more easily and more completely than 
unripened cream, under the same conditions. This is due to a 
lessening viscosity of the cream. The ripening process causes 
the cream to l>ecome thicker but less viscous. UnHoubtedly 
the acid developed during the ripening process tends to cut 
the membrane supposed to surround the fat-globules. The 
reduced viscosity of the cream renders it easier for the globules 
to move and unite in the serum when exposed to agitation in 
the churn. It is possible to churn ripened cream in a thinner 
state and at a lower temperature than unripened cream. 

Cream which has been ripened to a normal degree of acidity, 

* also allows of a more complete churning than unripened cream. 



Fig. 126 . — The Boyd cream-ripening vat. 

If cream is properly ripened, and churned at a medium low 
temperature, it is possible to churn so that the buttermilk con- 
only about .1% of fat by the Babcock test; while if sweet 
i^eam is being churned under the same conditions, the butter- 
milk will contain more than this. This is undoubtedly due to 
the fact that in sweet cream the viscosity is so great that it 
prevents the minute fat-globules from uniting when agitated 
in the churn, while in sour milk the viscosity has been largely 
removed. Sour creap is thicker than ripe cream, but less 
viscous. This facilitates the coalescence of the fat-globules 
when exposed to agitation. 

(3) To Increase the Keeping Quality of Butter.— It has been 
demonstrated by several investigators that the keeping quality 
of "butter depends chiefly upon the number and kinds of germs 
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present in the butter after its manufacture. In order, there- 
fore, to produce butter with good keeping qualities it becomes 
essential to exclude or suppress all germs which deteriorate 
butter. It is not of so great importance to exclude germs 
which do not injure the keeping quality of butter. The germs 
that produce lactic acid do not cause direct deterioration 
of butter. This has been demonstrated by Jensen.* 

When cream has been properly ripened, it is practically a 
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pure culture of lactic-acid-producing germs, while sweet un- 
pasteurized cream contains a bacterial flora, consisting of a 
great many types of desirable and undesirable germs. It 
should be mentioned in connection with* this, that it is only 
properly ripened cream that contains with any certainty, a 
preponderance of germs producing lactic acid. If the cream 
is over-ripe, the undesirable bacteria may also gm the ascen- 

■■ — 

* LandwirtschaftUches Jahrbuch der Schweiz. 
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dency of the desirable. When such overripened cream ig 
churned, these undesirable germs are transmitted to the butter 
and cause deter.oration. If the butter is churned from properly 
ripened cream, and at the proper ripening stage, and the butter 
washed in purified water, very few undesirable germs are trans- 
mitted to the butter, and, as a consequence, it keeps better. 

Ripening Temperature of Cream. — In practice, the ripening 
temperature of cream varies within wide limits. Some makers 
prefer to ripen cream at a temperature of about 80° F., others 
ripen at about 70° F., and still others prefer to ripen at a tem- 
perature between 60° and 70° F. Undoubtedly, the conditions 
in the creamery will to some extent govern the ripening tem- 
perature. Up to a certain limit the higher the temperature, 
the quicker the ripening process. In .some instances, it is 
desirable to ripen and cool cream in a few hours, and then 
churn the same day. Under such conditions a comparatively 
high ripening temperature is undoubtedly preferable, as the 
aream will sour more quickly at .such a temperature. Un- 
doubtedly good butler can be made at any of the temperatures 
inentioned above, but when we are to decide which temperature 
is the best, we are, through experimental evidence, forced to 
come to the conclusion that a ripening temperature between 
60° and 70° F. gives the best results. 

When cream is r. period at a high temperature it needs to be 
cooled very little previous to ripening. Milk is usually sepa- 
rated at a little above 80° F., and if the starter is added imme- 
diately after separation, it will ripen in a very short time. 

If ripened at a lower temperature, a longer time will be re- 
quired to develop the same amount of acid, and hence with a 
prolonged ripening period more attention is necessary. The 
Danish butter-makers ripen their cream at a comparatively 
low temperature, usually between 60° and 65° F., and obtain 
the best results. 

The germs producing lactic acid grow within a wide range 
of temperature; viz.: from about 50° to 100° F. The extreme 
te^ratures are not favorable to the greatest possible growth. 



CREAM-RIPENINO. 


196 


The optimum temperature, or (he temperature at which they 
grow best is, according to Russell, from 90° to 95° F. At this 
temperature the germs which cause undesirable results also grow 
most rapidly in cream. Cream contains germs both of the 
desiarble and the undesirable type. At a comparatively low 
temperature (between 60° and 70° F.) the greatest relative 
growth of the desirable germs is produced. Bacteriologista also 



Fig. 128 .— Cream-ripening room in the Model Creamery at the 
World's Exposition, St. Louis, Mo. 


tell us that the casein ferments as a rule thrive better at a 
lower temperature than do the lactic-acid ferments at the same 
temperature. This, keeping in mind that better results are 
obtained by ripening at lower temperafUres (60° to 70 F.), 
seems to indicate that the flavoring substances are not form^ 
entirely by the action of certain germs producing lactic acid, 
but that the flavoring substances are probably due to the 
joint action of several species. Lactic acid itself does not haye 
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the desired characteristic flavor of good butter, yet we know 
that these flavoring substances are direct products, or accompani- 
ments, of the development of lactic acid. 

Cream ripened at a low temperature does not sour very 
rapidly; the germs do not grow at a very rapid rate. The 
desired degree of acidity is approached very slowly, and as a re- 
sult the fermentation may be checked almost at once when 
the desired degree of acidity has been reached, and the chance 
for getting overripened cream is reduced to its minimum. 
If the cream is ripened at a high temperature, there is greater 
danger of getting overripened cream. 

Extreme and rapid changes of temperature should be avoided 
as much as possible. The more uniform the temperature can 
be kept, if suitable for proper ripening, the better the results. 
Accordingly, the ripening-vats used in this country are practi- 
cally all jacketed, which permits the operator to regulate at 
will the temperature of the water in the jacket surrounding the 
cream. 

Amount of Starter to Add to Cream.— The amount of 
starter to add to cream will vary according to the temperature 
of the cream, and to the length of time required for ripening. 
If cream is to be ripened quickly, then a large starter should 
be added. Good results can be obtained by adding starter to 
the extent of 50% of the cream to be ripened. This much, 
however, is usually not satisfactory, as it so reduces the thick- 
ness of the cream as to render it more difficult to churn. It 
increases the amount of serum which will form the buttermilk 
when churned. The more buttermilk, the greater will be the 
loss of fat in churning. On this account it is desirable not to 
add any more starter than will give cream a proper thickness 
(from 30% to 35% fat) and at the same time supply enough 
desirable germs to gain the upper hand of, and to suppress the 
undesirable germs already present. 

It is important to skim the cream thick enough to permit 
the use of an amount of starter equal to from 8%. to 20% of 
t|je cream to be ripened. This, under average conditions, will 
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produce dearable results, providing the starter is of the proper 
kind. A poor starter is worse than none at all. 

It is a good plan to pour the starter into the ripening-vat 
before the cream is separated. Some also practice skimming a 
heavy cream and then add some good morning milk to it. 

Before the starter is added all precautions possible should 
be taken in order to prevent the entrance of undesirable germs 
into the cream. The top layer of the starter should be skimmed 
off; and the very bottom portion of the starter should not be 
emptied into the cream-vat either, as it usually contains some 
of the sediments from the milk. It is essential that the starter 
should be thoroughly stirred previous to adding it to the cr(‘am, 
otherwise lumps of curd are likely to trouble during the re- 
mainder of the process of manufacture. The curd, if not 
properly emulsified previous to adding it to the cream, is likely 
to show itself in (he butter in the form of white specks. This 
stirring of the starter can be brought about most satisfactorily 
by pouring it back and forth from one can into another, until 
the body of the starter assumes a uniform, not lumpy, con- 
sistency. The cans used for this purpose must be carefully 
cleaned and scalded previous to using them. Dippers and 
stirrers of any kind should always be thoroughly sterilized 
previous to using them in starters. The stirrer or dipper used 
should have solid handles. This makes cleaning easier. 

Stirring of Cream During Ripening. — As soon as the starter 
has been brought into a proper condition it is added to the 
cream. If necessary it should be strained before adding. The 
cream should then be thoroughly stirred. If cream is not 
thoroughly mixed with the starter, the ripening will not be uni- 
form. If allowed to stand quietly, the cream soon separates 
into two distinct layers. The fat, by reason of its being lighter 
than the rest of the constituents, soon forces its way to the 
surface, and incorporates with it a considerable amount of 
casein. But the bottom layer will be similar to skim-milk; 
for, being better mixed with the starter, the lactic-acid fer- 
mentation proceeds more rapidly in this milky or bottom layer, 
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and thus prevents the fat which is at the surface from coming 
in direct xontact with the flavoring substances formed at the 
bottom. If the surface layer of fat and casein were exposed 
to favorable conditions, the point might be made that the sur- 
face exposure is more desirable than if the fat were in a state 
of perfect emulsion with the rest of the constituents of cream. 
But such is not the case. The layer of fat and curdled casein, 
when allowed to form at the surface, is likely to be contami- 
nated with putrefactive organisms. Especially is this so if 
the cream is allowed to stand in such a condition very long 
in a warm ill-ventilated room. If the constituents of cream 
are kept well mixed by stirring, the lactic acid checks the 
development of putrefactive germs, which may accumulate at 
the surface; the cream is ripened more evenly, and the flavor- 
ing substances have the best facilities of coming in contact 
with and being absorbed by the fat. 

The authors have noticed that high-scoring contest butter 
is usually made from cream which has been stirred judiciously 
at intervals. The most notable prize winners have stayed up 
with their cream all night, or part of the night, to watch the 
ripening process, and to stir the cream occasiona.ly. It would 
not be j)ractical to advise this method, but cream should re- 
ceive a judicious amount of stirring at intervals during the day, 
and if it is allowed to stand over night, it should be stirred 
the last thing in the evening before retiring. 


Natural and Artificial Ripening. 

Cream-ripening as a whole, as practiced to-day, may be 
divided into two groups: viz., (1) Natural, and (2) Artificial. 

Natural. — Natural cream-ripening consists in letting the 
raw cream stand at a certain temperature until it is sour, then 
cooling it to the churning temperature. This method used to 
be practiced nearly altogether, but now experimental and 
practical evidence prove that this is not the method by which 
the best butter can be produced. Natural ripening may, or 
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may not, produce good results. It has been termed by some 
"chance ripening.” At certain seasons of the yeu conditions 
are favorable for natural ripening, while rt ether Teasons con- 
ditions are very unfavorable. It was stated before that putre- 
factive organisms, or those germs causing ord.nary decay, are 
undesirable species of bacteria to have present in the cream. 
During the late spring and early summer months, when the 
cows are first put on pasture, the conditions are favorable for 
the preponderance of the desirable germs; during the winter, 
when necessarily the cows and the milk are subject to stable 
conditions to a greater extent, the conditions are favorable for 
the ascendency of the undesirable germs. Kiklcs has found 
that during the winter about three fourths of the bacteria in 
milk consists of these! undesirable germs. If these are present 
in the milk, a proportionate part will be transferred to the 
cream. When such cream is allowed to r ])en or ferment in a 
natural way, the undesirable germs arc l.kely to gain the ascen- 
dency. As the conditions which govern the degree of con- 
tamination of the milk and cream vaiy dur'ng the different 
days of the different months and different seasons of the year, 
this natural rlpen’ng is not to be depended on for obtaining 
a good uniform quality of butter, even though at times good 
results may be obtained from natural ripening. A maker who 
wishes to make a high, uniform grade of butter- should not 
depend upon natural cream-ripening. 

Artificial Ripening. — By artificial ripening we mean (1) 
ripening of raw cream to wliich sufficient starter has been 
added to control the kind of fermentation; (2) ripening of cream 
in which the genus have been destroyed by pasteurization, 
and to which a starter has been added in order to introduce 
the desirable ferments. 

(1) Either of these methods is preferable to natural cream- 
ripening. The firet method has been the most common in the 
past, but the latter method promises to give results which 
will warrant every butter-maker in adopting it as a permaneni 
method in butter-making. If cream has been handled undei 
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conditions which are favorable for the introduction of desirable 
gernis^ andjl , otherwise in good condition, the best results can 
be obtaineffby ripening such cream without pasteurizing it. 
It is asserted that when all conditions are ideal,— the starter 
good, and the cream good,— then a higher flavored butter can 
be produced by this method than if the cream were pasteurized; 
but the keeping quality of the butter is not so good as that 
produced from pasteurized cream. The same objection that 
was made to natural ripening can be made to the artificial 
ripening of raw cream. If the butter-maker at the creamery 
has full control of all the conditions governing the quality of 
butter, and if the milk is received at the creamery in an ideal 
condition, then this method of ripening is commendable. But 
at creameries where milk is at times delivered from one hundred 
or more different patrons, some of the milk is likely to come 
in in an unfavorable condition. The poor milk is likely to 
contaminate all the remainder of the cream, and objectionable 
fermentative products are likely to develop in the cream-vat. 

When this method of ripening is practiced the starter should 
be added to the cream as soon as possible. In fact, this rule 
applies to all methods of cream-ripening where a starter is used. 

It is preferable to add the starter to the cream-vat before the 
skimming is begun. In this way the lactic-acid germs in the 
starter get a chance to work in the cream immediately after 
it is skimmed, and, for this reason, are more likely to suppress 
the undesirable types of ferments present. 

2. The second method, that of pasteurization, is without 
any question the ideal way of manufacturing butter. It has 
been advocated in a theoretical way for several years in this 
country, but only within recent years has this method of 
ripening cream been deemed sufficiently meritorious to warrant 
its adoption. It is, however, rapidly gaining in favor. The 
method consists in heating the cream on a continuous pastuerizer 
from 155® to 190® F. A temperature of about 180® F. is the 
one usually employed. It is said that a temperature of 140® 
to 150® F. destroys practically all the germs producing lactic 
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acid. Some undesirable germs also, in a vegetative stage, are 
not destroyed at this temperature. For this ,^ison cream 
should be heated to about 180® F. At this teniprature, the 
germs caxising tuberculosis are destroyed. It is in order to com- 
bat this disease that the Danish Government compels all cream 
to be pasteurized before it is made into butter, and also all of 
the skim-milk before it is returned to the farmer. The germs 
causing tuberculosis are destroyed at a lower temperature than 
this (180® F.), provided they are exposed to the temperature tor 
some time. In creameries the intermittent method of pasteur- 
ization is used. In this method the time of exposure to the heat 
is short, and consequently a higher temperature i.s necessary. 

By heating milk to such a temperature practically all of the 
germs, desirable and undesirable, are destroyed with the ex- 
ception of those that are present in the spore form. If this 
cream is inoculated with the desirable germs, then theoretically 
and practically, good uniform results should be obtained. 

It was mentioned above that the spore-hearing bacteria were 
not destroyed by the degree of heating to which cream is ex- 
posed. If the cream is allowed to stand any length of time at 
a favorable temperature without a starter in it, these spores 
will develop and cause undesirable rc.sults. If pasteurized 
cream is allowed to ripen naturally, a very bitter flavor usually 
develops. In order to overcome this undesirable fermentation, 
it is essential that the starter should be added as .soon as possible 
after the cream has been cooled down to the desirable ripening 
temperature. It should be remembered that this starter should 
never be added to the cream wliile it is still hot, as the lactic- 
acid-producing germs in the starter would then be destroyed. 

Ripening Cream When Churning is Done Once Every Other 
Day —At certain seasons of the year the milk delivered to the 
creamery is not sufficient in quantity to produce enough cream 
so that it is worth while to chum every day. Many makers 
profitably utilize their time by churning only every other day. 
The question then comes, how may the cream be preserved in 
the best possible condition? Some prefer to cool the cream to 
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a low temperature (50® F.) immediately after it has been 
skimmed oi^eceived, then allowing it to stand until the next 
day. The SiDond day’s cream is then poured in with the first 
day’s cream, the starter added, and the ripening process com- 
pleted. Others prefer to add the starter to the first batch of 
cream immediately after it has been skimmed, then ripen it 
almost to the normal degree of acidity, and cool to about 50® F. 
The next day the new cream is i^klmmcd into this already 
ripe cream, stirred thoroughly, and the ripening process com- 
pleted. The latter method, if done properly, has given the best 
satisfaction. When cream is rpened according to the method 
first described, undesirable fermentations are Lkcly to gain 
ascendency. As has been mentioned before, the undesirable 
germs grow better at a lower temperature than do the bacteria 
producing lactic acid. When the next day’s cream is skimmed 
into this, the undesirable ferments may prc'ponderate to such 
an extent that the desirable germs cannot overcome or suppress 
them during the remainder of the ripening process. According 
to the latter method, the first day’s cream is ripened as usual. 
When the next day’s cream is skimmed into this, the first lot 
of cream acts as a starter. The lactic acid present inhibits 
the growth of other undesirable sj.ecies, and consequently 
better results are obtained by this method. 

This latter method of holding cream is recommended when 
cream is to be held for any length of time, such as over Sunday, 
or when the creamery is run only every other day, and the 
churning done once or twice per week. If possible, and all 
the other conditions consistent, it is better to ripen the cream 
and chum it the day it is delivered than it is to hold the cream 
0^"e^ for several days before it is churned. Butter will always 
keep better than cream, under any conditions. 

I 

Mixing of Cream. 

With the introduction of hand-separators the quality of 
cream received at creameries varies considerably. Ihe ques- 
tion then arises, should the different quantities of cream be 



CREAM-niPENING. 


203 


mixed, or should they be treated separately according to 
quality, and made up into several grades of butter^ "ihcoret- 
ically the grading of cream into two or three, or even four, 
grades can be argued to be correct and proper, yet in creameries 
where only a comparatively small amount of cream is handled, 
it usually does not pay to grade very much. In a very large 
plant where as much as 50,000 pounds of butter is made per 
day, there is no question that a system of grading cream pays. 
Several large central plants are now grading their cream into 
three or four grades successfully. In smaller plants, however, 
it is not as a rule advisable to make more than two grades, 
the first grade to include all good and fair cream, and the 
second grade to include the very poorest. Usually in the 
comparatively small creamery plants, the quality of cream can 
be better controlled, and consequently less grading is necessary, 
while in a large plant the creamery manager has hut little con- 
trol over the conditions governing the quality of the cream. . 

The chief conditions that determine whether different 
qualities of cream should be mixed, might be said to aepend 
upon : 

(1) The quality of the cream. 

(2) The kind of market for the butter. 

(3) The amount of hand-separator cream compared with 

the amount of good quality cream, usually sepa- 
rated from the milk at the creamery. 

(4) The general creamery conditions. 

I. Quality of Cream.—The difficulty of grading cream is met 
with chiefly in comparatively small creameries where part of 
the intake is cream and another part milk. The cream that 
is separated from the milk at the factory is usually in an ex- 
cellent condit'on, while the cream dcliVered from hand sepa- 
rators, or raised by any of the gravity methods, is usually of a 
poor quality. If the cream delivered to the creamery is in 
just as good condition as that obtained from whole milk skimmed 
at the factory, then there is no danger in mixing the two kinds 
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of cream. If it comes in a poor condition, such as hand- 
separator ci^am usually does, then the poorest cream should 
be ripened by itself. Some maintain that the mixing of the 
two kinds of cream is favorable, because, if the hand-separator 
cream were churned separately, it would produce butter which 
is very poor in quality, while, on the other hand, if the two 
were mixed a better quality as a whole would be obtained. 
This is undoubtedly true; but evidently if the quality of 
butter from the hand-separator cream was raised, that from 
the whole milk was lower'd, so that the quality of butter re- 
ceived from both wfis poorer than that which would have been 
obtained from the whole milk if kept separate. 

2. Kind of Market. — If a creamery operator is working 
strictly for quality, and the butter is sold on that basis, it 
certainly would not be a good plan to mix the poor cream 
with the better cream. On the other hand, if the butter is 
sold on the market with no attempt to establish a reputation, 
no further aim than to get as much as possible out of the present 
supply, then it might pay. By mixing the two it might be 
possible to raise the quality so as to bring all of it on the market 
at a trifle above Creamery Extras’’; while if the cream from 
the whole milk were kept separate, perhaps no greater price 
could be obtained for the butter produced from this better 
cream. If the butter from the poor hand-separator cream 
were placed on the market by itself, evidently it would not 
command the same price as that made from the whole milk, 

' or the mixed lot either. As has been stated before, the mixing 
of poor cream with a good quality of milk, skim-milk, or whole 
milk, and stirring the mixture thoroughly improves the quality 
of the butter in a marked degree. 

3, Amount of Cream.— If only a small amount of hand- 
separator cream is being received, then usually it will not pay 
to carry it through by itself. By experience the authors have 
found that the best way to dispose of a comparatively small 
amount, providing it is not too sour, is to empty it into a 
receiving-vat with the milk, and stir it well, re-skim it and 
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pasteurize all the cream, add a starter, and ripen in the usua 
way. If the cream is sour, and there is a danger of souring 
the remainder of the milk, or clogging the separator, it is ad- 
visable to add it directly to the cream-vat. The sourness of 
the cream is not so dangerous if the flavor is clean. If it is 
very unclean, and not sour, the mixing with the whole milk, 
the separation, and pasteurization will ehminate a great many 
of the undesirable flavors and check the activity of a large 
portion of the undesirable germs present. When the starter 
is again added and ripened, a good quality of butter is ob- 
tained. If a comparatively large amount of cream in poor 
condition is received, then it is advisable to retain it by itself. 

4. General Creamery Conditions.— Occasionally it happens 
that a creamery is not properly equipped with vats, so as to 
enable an operator to handle two lots of cream. Where one 
man has to do all the work, one churning is about all he can 
accomplish daily, besides attending to the remainder of the 
work. Under such conditions it is doubtful whether it will 
pay to purchase additional vats and hire additional help, in 
order to keep poor hand-separator cream separate from the 
remainder, through the different steps of manufacture. Since 
the butter is not sold strictly on its merits, there would, as a 
rule, be no profit for the average small creamery to grade the 
cream, on account of the additional labor and apparatus re- 
quired. If a high quahty of butter is the supreme aim of the 
creamery operator, then it becomes very essential that the poor 
cream be kept separate. 

Examining and Testing Ckeam for Acidity During 
Ripening. 

As has been stated before, the best 'flavor in butter is pro- 
duced when cream is ripened to the proper degree of acidity. 
If it is ripened too much, or overripened, the butter will assume 
a high flavor and strong aroma, wMle if not ripened high enough, 
it will be a little flattish with less aroma. Many makers depend 
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upon the tajste and smell, and the appearance of the cream, 
to decide when the cream has been ripened to the desired 
degree of acidity. Makers with a great deal of experience are 
able to tell quite accurately by the appearance of the cream 
and its taste and smell when it has been properly ripened. 
Well-ripened cream gets an apparently granular and glistening 
condition. It has a pleasant, mild acid taste, and a good 
clean sourish aroma. 

As the flavor of properly ripened cream will vary somewhat 
according to the different degrees of richness of the cream, it 
is very easy to be deceived by the 
senses. For this reason it is advisable 
to use a special test with which to 
measure the amount of acid developed 
in the cream. There are two acid tests 
in general use now in creameries, viz., 
“Mann’s Test” and the “Farrington 
Test.” 

Mann’s Test.— Mann’s test consists 
of measuring the acid in the cream 
by means of an alkali of a definite 
known strength. The kind of alkali 
used is usually a .1 normal solution of 
caustic potash (KOH) or soda (Na.OH). 

Man^^dS'’ tot " In- solutions can be made up very 

Stead of the burette the cheaply or bought from the supply- 
lai^^bottle!^ shown” in houses. Mann’s test is based upon mea- 
Fig. 131 and 130. suring out 50 c.c. of cream by means 

of a pipette. A few drops of an indicator (phenolphthalein) 
is added. This indicator gives a red color in an alkaline solu- 
tion, and no color in an acid solution. The .1 normal alkali 
is poul^ into a burette, and the solution allowed to run into 
the 50 c.c. of cream and stirred thoroughly until it begins to 
turn pink in color. At this point it is neutral. The number 
of cubic centimeters of alkali required to neutralize the acid 
in 50 c.c. of cream indicates the number of degrees of acid. 
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For instance, if it required 32 c.c. of a tenth normal alkali 
to neutralize the acid in 50 c.c. of cream, the acidity of the 
cream would be 32°. 


(1 c.c. of N/10 alkali = 1° Mann’s Test.) 


Mann’s test reading can be converted so as to express the 
results in percentage similar to the Farrington test. As 1 c.c. 



of the .1 normal alkali neutralizes .009 granw of pure 
md 32 C.C., as in the above case, would neutrahze 32 times .009. 
This would pve the amount of acid, calculated in 
lactic acid, present in the 50 c.c. of cream. ITus product 
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divided by the 50, and multiplied by 100, would give the per- 
centage of the acid present. 

Farrington Test. — The same principle is involved in the 
Farrington test. The alkali is put up in small tablets, already 
containing the indicator. These tablets contain a definite 
amount of alkali, and are represented as retaining their strength. 
However, they lose their strength if they are exposed to the 
atmosphere. The amount of alkali embodied in each tablet is 
such that when five of them are taken into a graduated cylin- 
der, the cylinder filled up with distilled water to the QT-c.c. 



Fig, 132. — Apparatus for the Farrington acid test. 


mark, and the tablets thoroughly dissolved in water, a solution 
is obtained, each cubic centimeter of which represents .01 of 
1% of acid, providing 17.6 c.c. of cream is taken. The tablets 
can be made up of different strengths for the use of different- 
sized pipettes, but as the 17.6-c.c. pipette is the one which is 
used in the ordinary Babcock test, directions are given for the 
use of that pipette only. For a more detailed description of 
the acid tests see ''Milk Testing,” by Farrington and Woll. 

Amount of Acid to Develop. — The amount of acid to develop 
in cream depends upon the amount of fat present in the cream, 
and to some extent upon the market on which the butter is 
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to be sold. Some markets require higher flavored butter than 
others. Practically all markets, especially in this country, 
demand butter which has a comparatively rich creamy flavor, 
with a nice clean butter aroma. 

It was found at the Iowa Experiment Station, from a large 
number of experiments, that cream containing 30% fat gave 
the best results, that is, showed the highest flavor when ripened 
to 37 degrees, Mann’s test. It has also been demonstrated that 
acid is developed only in the serum portion of the cream. This 
would bring the cream-ripening process down to a queslioi\ of 
proportion, as the fat is practically neutral. By subtracting the 
30% fat we have 70% serum. This would ecpial .53 degree 
of acid to each per cent of scrum. Thus, 70%^ serum multiplie;] 
by .53 would give us 37.1 degrees, Mann’s test. For instance, 
if we ti:ke 40% fat, we would have 60% serum, and thi,. 
multiplied by .53 would r,ive us 31.8 degrees to ripen to. Witli 
thin cream of 20% we would have 80% serum, which would 
equal 42.4 degrees to ripen to. 

We would not recommend following the above formula to 
the extreme with thin cream. For 20% cream 42 degrees 
would be sufficiently high to ripen to, even with exception- 
ally good cream. W.ien the flavor of the cream is not 
good it is not desirable to ripen to quite as high a degree of 
acidity. 

Another formula which has worked very satisfactorily in th(! 
Dairy Department at Iowa State College, and which does not 
give as high a degree of acidity, is as follows: Subtract the 
per cent of fat found in cream and divide the serum by two^ 
and the quotient will be the degree to ripen to. For instance, 
30% cream giving 70% serum would give 35 degrees to 
ripen to. 
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Chemical, Physical, and Biological Changes. 

Physical Changes.— All the changes in cream during ripening 
are very complex, and the causes of them are not well under- 
stood. The chief cause of the ripening process, as it normally 
occurs, is the action of micro-organisms. As has been stated 
before, the germs producing lactic acid are the most numer- 
ous. These germs continue to gain the ascendency in the 
cream during the ripening until cream is almost a pure cul- 
ture of lactic-acid-producing germs. Accompanying this 
growth, the sugar present in the cream is broken up into 
lactic acid and several other by-products which will be men- 
tioned later. 

These different by-products have certain physical effects 
upon the body of the cream. The acid developed causes 
the cream to coagulate and become thick. As the ripem'ng 
process is carried on the appearance of the cream changes 
somewhat. It becomes thick, granular, and glistemng in 
appearance. Undoubtedly the film of casein, or whatever the 
envelopment may be, surrounding the fat-globules, is loosened 
or cut. 

Biological Changes.— Cream when put into the ripening-vat 
usually contains a very large variety of bacteria, ^^ch 
species predominates at that time depends upon the care and 
treatment of the cream previous to the ripening stage. In 
pasteurized cream practically all the germs present are of the 
spore-producing kind, and unless conditions are favorable for 
the development of the spores, these will be suppressed by the 
germs added with the starter. During the first few hours of 
the ripening process there is a gradual growth of all the germs 
present. It is said that in sweet cream the lactic acid germs 
are comparatively few in number, but under favorable conditions 
these grow so much more rapidly in number than any of the 
others, that in a short time they become more numerous than 
all the other germs. The by-product lactic acid is unfavorable 
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for the growth of nearly all the desirable varieties of 
germs. Practically all these germs are suppressed in their 
development, so that when cream is rifX'ued properly, 
it contains few other germs besides those which produce 
lactic acid. 

From the above it will be seen that there are practically two 
overlapping periods in the bacterial changes during the ripening 
of the cream, and especially is this so in the ripening of raw 
cream. The first includes the period when all the different 
varieties of germs grow, and the second includes the period 
when only the lactic-acid- producing germs grow. It is, there- 
fore, maintained that before the churning takes place the 
ripening of cream should be carried on to such an extent that 
the lactic-acid germs only predominate. Dr. Storch, who has 
made a detailed study of this, asserts that milk and cream 
both have a rather undesirable flavor at the beginning of its 
ripening period, while in the latter stage of the ripening period 
it takes on a pleasant, clean, acid taste. 

The number of germs, and the relative number of acid-pro- 
ducing germs in the cream when ripened, is as shown in the 
following table:* 


Date. 

Quality of 
Cream. 

Number per c.c. 

Number Acid 
per c.c. 

Per 

tent 

Acid. 

Number Non- 
acid per c.c. 

Per 

tent 

Non- 

acid. 

Feb. 11 
Jul. 18 
“ 30 

Fine 

Poor 

Excellent 

280,000,000 

257,000,000 

92 

22,400,000 

8 

19 

3,002,000,000 

2,851,190,000 

95 

1.50,810,000 

5 

Aug. 11 

Good 

1,107,000,000 

1,012,072,200 

91 5 

94,928,800 

8.5 

Sep. 3 

u 5 

Fair 

1,027,000,000 

955,110,000 

93 

71.890,000 

7 

Good 

tt 

2,007,9.58,000 

1,827,370,000 

91 

180,688,000 

9 

Oct. 28 

392,958,000 

385,098,840 

98 

7,869,lfK) 

2 

“ 30 

1 i 

393,700,000 

381,889,000 

97 

11,811,000 

3 


Fickles found that when good-flavored cream is ready for 
churning the number of bacteria per cubic centimeter varies 


* Bui. 40, Iowa Experiment Station. 



212 


BUTTEIirMARim. 


from 380,000,000 to 3,000,000,000. Of this number the acid- 
producing bacteria constitute from 91% to 98%. 

Chemical Changes. —The changes in cream during the process, 
of ripening are not due to any instability of the components 
of cream, nor are they attributed to any of the enzymes. 
Galactase is a pre-existing enzyme in milk; consequently it 
would be present in cream, but present only to a very small 
extent. If it were possible to exclude from the cream all the 
different kinds of bacteria, ripening would not take place. 
At least it would proceed at a much slower rate than the 
ordinary rate of change in the ripening of cream ; this proves 
that the solids of cream are chemically stable and that the 
enzymes or unorganized ferments play only a secondary part 
in bringing about the different changes in cream ripening. 
There are two classes of solids in cream which are decom- 
posed chiefly during ripening: viz., (1) Albuminoids, and (2) 
Sugar. 

1. Most authorities maintain that bacteria are unable to 
feed on, or to decompose directly any substance which is not 
present in the form of a solution. As casein is not normally 
present in a solution in milk, the pre-existing enzymes or 
bacterial by-products must cause the first decomposition of 
casein l)efore the germs are able to utilize it. The by-products 
resulting from the casein ferments are many, and very com- 
plex. According to Russell ♦ albumoses, leucin, peptone, 
tyrosin, and ammonia are formed. Freudenrich claims that in 
addition to these butyric acid is a by-product. Besides these 
substances, gases such as carbonic gas, marsh-gas, and 
nitrogen are formed. Whether all these by-products are 
formed directly or indirectly or both, no one knows for 
certain. 

The typical fermeftts seem to act similarly upon the casein 
in milk. They produce first a rennet-like ferment, which 
curdles the milk. After it has been curdled, the curd is digested 
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or peptonized by the action of some enzyme. The casein in a 
sample of milk containing a preponderance of casein ferments 
will in a few weeks, or even less time, disappear entirely. Ap- 
parently the milk has been transformed into whey. This 
particular ferment is called casease by Duclaux. Conn calls 
it a tryptic ferment, because it is similar in its action to the 
tiypsin produced by the digesting glands. The putrefactive 
germs ordinarily act upon the nitrogenous matter of cream, 
as described above. 

2. The milk-sugar in cream is present in a perfect solution, 
and consequently it is thought that bacteria are able to utilize 
it as food directly. The typical lactic-acid-producing germs 
cause the milk-sugar to split up into lactic acid chiefly, accord- 
ing to the following equation: 

C 12H22O1 1 + 1120 = 4C3H6O3. 

Milk-sugar. Lactic acid. 

There are a number of germs which are able to produce 
lactic acid from milk-sugar, but practically all of them, so far 
as known, produce other by-products besides the lactic acid. 
Some germs produce much lactic acid and a small amount of 
other by-products, while other germs produce little lactic acid 
and large amounts of several other by-products. Some of them 
break up the milk-sugar and change it into lactic acid and car- 
bonic gas. Other species produce lactic acid and alcohol. 
This latter species Grottenfelt claims to be closely associated 
with the production of flavoring substances in butter. Different 
kinds of gases, such as nitrogen, hydrogen, carbonic-acid gas, 
and marsh-gas are also formed. 

It is doubtful whether there are any germs which are able 
to transform milk-sugar entirely into lactic acid. If such were 
the case, 1 gram of milk-sugar would preduce 1 gram of lactic 
acid. According * to some experiments carried on by one of 
the authore, .8 of a gram was the maximum amount of acid 

♦ CbMnical Changes during Cream Ripening. (Thesis I. S. C.) 
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developed from 1 gram of milk-sugar, and .5% is the 
average amount of acid developed from 1 gram of milk- 
sugar. In the experiments, efforts were made to have the 
typical lactic-acid ferments present in the cream. The follow- 
ing table may prove of some interest: 


Cream I. 


tst ripening period 

:d “ 

Sugar. 

.1% produced 
.1 

Acid. 

.04% 

.06 

Per Cent of 
Acid in Cream 

.33% 

.35 


Cream TI. 

1st ripening period 

2d “ 

.1% produced 

1 “ 

.08% 

.06 

.0^5 

.68% 

.64 

.82 

3d “ “ 

.1 


Cream III. 

lat ripening period 

2d “ “ 

.1% produced 
.1 “ 

.051% 

.050 

.58% 

.63 

.68 

3d “ " 

.1 

.016 

Average of 8 experiments. . . 

.1 ‘‘ 

.05 + 


Conn states that the lactic acid produced in cream during 
ripening is not always of the same kind. Some species of 
bacteria produce the kind which turns the plane of polarization 
to the left; other species produce the kind which turn it to 
the right, and still other species produce the so-called inactive 
lactic acid. The most common are those which produce acid 
that turns the plane of polarization to the right. 

The souring of cream, according to Conn, is not due to the 
development of lactic acid alone. Two kinds are produced, 
(1) fixed, and (2) volatile. The fixed acids appear to be chiefly, 
if not wholly, lactic acid, and the volatile are chiefly acetic and 
formic acids. The fixed acids are produced in the greatest 
proportion. 

In the table quoted above, it will be seen that during the 
first ripening period of sample 3, .1% sugar produced ,051% of 
acid, while during the last or third ripening stage .1% of sugar 
produced .016% of acid, being only about one-third of that 
produced during the first ripening period. The same is true 
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in experiment II, where three separate analyses were made of 
the cream. It is difficult to account for the constant decrease 
of lactic acid in proportion to the sugar decomposed in the 
advanced stage of the ripening period. Is it the lactic acid 
already present that decomposes into other products when so 
much acid is formed? Or do the bacteria continue to decom- 
pose the sugar, but the by-products being of a different nature? 
Or do certain species of bacteria cease to act, and are other 
species, which produce less lactic acid and more gaseous prod- 
ucts, able to perpetuate their growth and bring about the 
results observed? The results are probably due to a com- 
bination of the different actions just mentioned, but tlic most 
likely theory is that conditions for the growth of other species 
of bacteria become more favorable, and other by-products 
than lactic acid are formed, products that cause the undesirable 
rancid flavors in over-ripened cream. 

Butyric acid also results from the decomposition of cream 
constituents during ripening. The origin of the butyric acid 
formed during ripening is, however, not well known. Freuden- 
reich says it is the residue resulting from the breaking down of 
casein and milk-sugar in various ways, and therefore he classes 
the butyric ferments in the same group as the casein ferments. 

Butyric acid in overripened cream is by some authorities 
considered to be a direct product from an excessive amount of 
lactic acid. Each molecule of lactic acid breaks up into butyric 
acid, carbonic-acid gas, and hydrogen, according to the follow- 
ing equation: 

Lactic acid. Butyric acid. acid g^s * Hydrogen, 

2C3H6O3 = C3H7CO2H + 2CO2 + Hi. 

It is questionable whether this reaction ever occurs in the 
ripening of cream. * 

Butyric acid also results from the decomposition of butyrin, 
tihrough the action of bacteria, and causes the molecules of fat 
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to epEt up into butyric acid and glycerine, according to the 
following equation; 


CaH* 


Butyrin (fat). 

C3H7CO2 

CaHjCOj + 

C3H7CO3 


Water. 


3H2O - CaHs 


Glycerine. Butyric acid 
OH 

OH + 3C3H7CO2H 
OH 




CHAPTER XV. 

STARTERS. 

Definition. — By the term starter, in cream-ripening, we 
understand a medium containing a preponderance of desirable 
germs present in a virulent condition. 

History. — The use of starters in the dairy industry dates 
back a great many years. The fact that starters helped in the 
manufacture of dairy products was recognized years ago by 
practical men even before scientists recommended the use of 
pure cultures. In European dairy countries the use of the 
buttermilk borrowed from a neighboring factory to add to the 
cream in order to overcome abnormal conditions, was a common 
occurrence. In Holland, sour whey borrowed from some other 
factory was used to overcome gassy fermentation in cheese- 
making. While the reasons for this were not well understood, 
the underlying principle was involved, viz., that of overcoming 
the undesirable fermentation by adding ferments of an, an- 
tagonistic kind. 

The introduction of pure cultures, or commercial starters, 
for cream-ripening dates back to 1890, by Professor S torch. 
He recommended their use in creameries in Denmark. Starters 
were used in that country for a time successfully, and since 
then starters have been introduced and extensively used in 
this country, as well as in practically all European countries. 

Classification of Starters.— Generally speaking, the different 
IfinHa of starters are included under the names (1) Natural, 
and (2) Commercial. The latter is prepared from a pure 
culture of bacteria obtained from the laboratory. The former, 
or natural, include a great many kinds of dairy products which 
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are supposed to contain a preponderance of those germs which 
are involved in the producton of desirable flavors in butter. 
Buttermilk, sour cream, whey, and sour whole or skim-milk, 
are classed under this heading. While all these may be termed 
natural starters, and at certain times the use of any one of 
them may produce better results than if no starter at all were 
used, it is not safe to rely upon these to bring about better 
results than could be obtained without the use of starters, 
because these products are likely to be contaminated in a large 
degree with undesirable germs. 

Preparation of Natural Starters.— The best natural starter 
is usually obtained by selecting a number of different samples 
of the best milk coming into the creamery, into cleaned sterih 
glass jars. The samples are allowed to stand until sour at 
about 70*^ F. The sample which coagulates into a smooth uni- 
form curd, and has a pleasant acid taste and smell is selected 
and used as a mother-starter. When inoculated into a large 
quantity of selected pasteurized skim-milk, cooled to and kept 
at a temperature of about 70® F. until it begins to coagulate, 
it will usually produce a starter which is equal, and often 
superior, to a commercial starter. 

Commercial Starters, or Pure Cultures.— Experiments have 
amply proved that certain species of bacteria are chiefly re- 
sponsible for the butter flavors developed in cream during 
ripening. This fact has given rise to the use of pure cultures 
prepared in a commercial way. These pure cultures contain, 
in a virulent condition, the germs which produce the desirable 
flavors and aroma. The cultures are put up in laboratories 
specially provided for this kind of work. The germs are iso- 
lated and inoculated into a medium which is suitable to their 
growth. Some laboratories inoculate them into a liquid medium, 
others into a powder medium. The liquid medium consists 
usually of sterilized bouillon, or milk. The powder medium 
consists chiefly of milk-sugar. The cultures that are put Up 
in the liquid form will not keep so long, and it is not safe to use 
them after they are about nine days old. The cultures which 
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are put up in powder form have the advantage that they can 
be kept for a much longer time and still retain their vitality. 
Both kinds as a rule are good while they are fresh. We give 
below a hst of the commercial cultures with which the authors 
are familiar: 


• S. C. Keith, 
Charlestown, 
Mass. 

0. Douglas, 
lioston. 
Mass. 


Lactic Acid Culture. 
Duplex Culture 
Boston liut ter Culture 

Boston Butter ('ulture 
Duplex Culture 
Lactic Acid Culture 


Sr"' 1 ^ 


Commer- 

cial 

Starters 


Hansen’s, 

Little Falls, 

N, Y. 

Park Davis <fe Co., 
Detroit, 

Mich. 


Lactic Ferment 


f This culture is put up 
Flavorone | in tablet and cap 
[ Bule forms. 


Conn’s Culture, 1 t • -j 

Storr Station, i Bacillus 41 Liquid. 

[ Conn. J 

Blauenfeldt ^ | ] ^actic Acid Powder 

Tvede, ( open- ■ Perment 
hagen, Den. 

Hjort & Fog’s 

Fnrciirn Lactic, 

foreign Copenhagen, 

Den. 

S. P. Storm, 1 
Tillitze, Naks- [ Starter. 

[ kov, Den. J 

Preparation of Commercial Starters.— All of the starters 
mentioned above have been tested and are known to projee 
Bood result?. The first step in the preparation of a mothei- 
starter (starterUne) is to pivparc preferably a glass jar or 
bottle by thoroughly cleaning and sterilizing it. Gl^ jars are 
used in preference to any other vessel, because if they are un- 
clean in any way, it will show through the glass. Secon^y, 

there are no seams and no places on the ms.de which wiU cor- 
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rode, and in that way retain unnoticeable dirt. Mason jars 
and sampling bottles are suitable. The kind of bottle which 
is used for marketing milk gives very good results. 

The second step consists in selecting suitable milk. The 
milk must be in as pure and sweet a condition as possible. A 
good starter can be produced from either whole or skim-milk. 
Skim-milk, however, is preferable to whole milk. The mis- 
take of selecting whole milk for starters has often been made. 
The mother-starter prepared from whole milk usually has a 
more pleasant, mild, rich taste, due to the fact that it contains 
more fat than the starter made from skim-milk. The mother 
starter prepared from good skim-milk is preferable, and safer 
to rely upon. Efforts should be made towards separating the 
starter milk l)cforc the rest of the milk has been run through. 
If not separated till late during the run of the day, the separator 
is filled with slime and bowl-slush, which are likely to con- 
taminate the starter milk. At some creameries, the separation 
of the starter milk is accomplished with a small hand sepa- 
rator. This, however, is not convenient or practicable at most 
creameries. The milk for the starter can be selected and run 
through the power separator during the beginning of the run. 
It is well not to use the very first milk which passes through 
the separator, as it would be likely to contain a greater number 
of undesirable germs. 

The milk which has been selected for the mother-starter, 
or starterline, is then pasteurized. The pasteurization is best 
accomplished by the intermittent method. If considerable 
milk is to be pasteurized it is best to make use of a clean, 
sterilized can. If only a small portion is to be pasteurized, 
just enough for the mother-starter, the milk can be put di- 
rectly into the jars. The jar half full is about the proper amount 
of milk, to use. The directions sent with some pure cultures 
recommend as much as half a gallon or a whole gallon of milk. 
As a rule better results are obtained if only about a pint of 
milk is taken. If the milk for the mother-starter is pasteurized 
in the glass bottles or jars, then it is advisable to set the bottles 
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containing the milk into cold water, — covering the jar so as 
to prevent outside contamination,— and then heat up the 
water gradually. Care should be taken not to insert these 
bottles suddenly into scalding hot water, or to let the steam 
strike them, for either is likely to crack the bottles. Care 
should be taken also to exclude water from milk used for 
starters. It is advisable to heat this milk, for the starterline, 
as high as possible in scalding water, say up to about 200° F. 
The sample may assume a cooked taste, but this will soon 
disappear after the starter has been carried on a few days. 
The milk should be left at this high temperature for aln^ut ten 
or fifteen minutes. A longer time does no harm. Then the 
milk is gradually cooled to about 80° F. This high temperature 
is desirable, because the germs present in the commercial cul- 
ture may be somewhat dormant. This high temperature would 
tend to revive them more quickly than a lower temperature. 
Great care should always be taken to cool the milk previous to 
inoculating it with the pure culture, otherwise the germs present 
in the pure culture will be destroyed. 

Inoculation.^The next step is to inoculate the prepared 
milk with the pure culture obtained from the laboratory. The 
bottle which contains the pure culture is carefully opened, then 
the bottle containing the culture is turned over and emptied 
into the pasteurized milk. The bottle should Ixj held down 
closely to the mouth of the jar containing the sterile milk, in 
order to prevent too much contamination from the air. Then 
the milk containing the pure culture is thoroughly stirred and 
set away in a room where the temperature is about 70° F. 
This will gradually cool the milk from 80° to 70° F., and in 
about twenty to forty hours the milk will sour and coagulate. 
Germs in nearly all of the liquid cultures are rather slow in 
acting upon the milk, undoubtedly due tb the dormancy of the 
germs, and to a comparatively few of them being present in 
the pure culture. When the powdered cultures are used, a 
little more, care is essential to get the powder thoroughly min- 
gled with the milk. It is a trifle more difficult to get the 



:22 


BUTTER-MAKINO. 


powder thoroughly mixed with the milk than it is to get the 
liquid cultures mixed. If anything is used with which to stir 
the sample, it should lx? sterilized before coming in contact 
with tlie milk, 'fhis applies in the preparation of all cultures. 
In testing or sampling the mother-starters, nothing should be 
allowed to come in contact with it unless it has previously been 
thoroughly sterilized. The powder cultures are usually more 
vigorous in their edect than most of the liquid cultures now 
on the market. The [)owder cultures usually coagulate the 
sample in alwut twenty-four hours, and if the operator is used 
to handling the liquid culturc‘s, he should watch the mother- 
starU'rs pr<‘j)ar(‘d from powder eulturc^s, so that they do not 
get overripi^ It is very es.sential that the starters do not get 
overripe. The time wlum th(i germs arc most numerous and 
most ac^tive in the starter is about the time w^hen the sample 
coagulates. As swn tis this stage has Ix^en reached, or just 
prt'vious to coagulation, the starter should lx* cooled down to 
at least 50® F., or Iovvht if |)ossible This imnents any further 
growth of germs and the sample can l)e kept a short time 
without injury. 

Dinctions usually accompany each of the cultures, but the 
al)ove will l)e foumi to produce, gcnnl results with all of those 
mentioned in the above outline. 

Uy imxulating from 2 % to 5^'J, or more of the mother- 
starter into a large sample of piisieuriztHi milk, any desired 
amount of starter can Ix) pn'p.inxl. In s(‘lecting this amount 
of milk, as much can^ as jmsible should lx taken in order to 
select the best kind of milk, and ktxp it from Ixing contaminated. 
When this large sample of starUT is at the proper stage of 
coagulation, it sliould lx used at once, or else cooled down to 
about 50® F. The amoiuit of mother-starter with which to 
moculatc the large satnple of starter may vary a little with- 
out any bad effects. If the large sample of starter is to be 
ready for use in a short time, -a larger portion of the mother- 
starter can be used for inoculation. If the temperature at 
wiuch the starter is set and the amount of mother-starter used 
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or inoculation are the same from day to day, the starter will 
« ripe at nearly the same hour every day^ and, consequently, 
[lore uniform ripening results can l)c obtained. The notice- 
ble coagulation of the starter when skiin-inilk is used will 
isually lake place when then? is alK)ut .0 'i) of acidity. A 
light coagulation will take place when there is alwut .5% of 
cidity, but it is hardly noticeable. The coagulation-[X)int may 
ary with different samples of milk. 

If a mother-starter is to l)e kept any length of time it 
hould be inoculated into a sample of good fn‘sh pasteurized 
iiilk alx)ut every other day. If a mother-starter, or starter 
f any kind, is allowed to stand t(M) long at a low temjKTatum, 
he desirable germs will Ix^come dormant, and some undesirable 
:erms will gradually gain a foothold. It is a g(X)d plan to 
arry any mother-starter along for two or thn'e days Ix'fore it 
used to inoculate a large sample of milk. When the mother- 
tarter is first piv|).in‘d it sometimes contains an undesirable 
aste and smell fiom tlie medium in which the germs were 
ml up at the laboratory. This smell and taste is eliminated 
y carrying it on two or three days previous to its use. 

While the starter, or mother-starter, is in the stage of 
ipeming it should occasionally Ix' gently stirred. As soon as 
oagulation of the milk begins, then starWrs of any kind should 
ever be stirred. If a sample of cojtgulated milk is stirred 
eforc it is ready for use, it is more likely to “ whey off.” 

Milk Powder for Starters. — From experiments conducted 
t the Soutli Dakota Experiment Station, llul. 121. milk |x>w'der 
elutions may be successfully used iastead of the natural milk 
)r starters. 

In many large central creameries, skim-milk is difficult 
) obUun. In such places milk jwwder can be and is success- 
dly used. • 

Milk powder is about of the same consistency as flour and 
iasolves in cold water with similar difficulty. To make the im’Ik 
owder dissolve the quickest, weigh out the required amount 
I water into the starter can. Turn the steam on and heat 
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cream and old cream each require a large starter, especiaUy if 
the cream is thick enough so as to permit of being reduced in 
thickness. Good pasteurized cream does not need a larger 
starter than about 10% of the cream to be ripened. 

The amount of starter to use also depends somewhat upon 
the general creamery conditions. In some creameries all the 



Fia. 133. — The Victor 
starter-can. 


Fiq, 134. — Emily’s pertection 
starter-can. 


cream is received in a very sour and poor condition, and facili- 
ties for getting milk for preparation of starters are often very 
j/mt. Under 8v*ch conditions it is questionable whether it 
'0^ be profitable to use starters at all. The amount of 
parter to use chiefly depends upon the degree of rapidity of 
ripening desired, and upon the temperature of the cream. If it 
is desirable to ripen quickly, then a comparatively large starter 
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(15% to 25%) should be added, and the ripening temperature 
should be comparatively high (about 80® F.). H slow ripening 
is desired, then less starter can be used, lunough, however, sliould 
be used to control tlie fermentation in the cream (about 10% 
to 15%), and the ripening temperature may be lower, between 
60° and 70° F, More starter should be used in the winter. 

Use of Startcr-can8,~In the past, ordinary tin shot-gun 
cans have chiefly been used for the preparation of starters, 
and have given good r(\sults. Many makers still ust' such cans 
in preference to recently invented starter-cans. 

The earliest starter-cans were made of light material and did 
not last long. These defects, however, have largely l)cen done 
away with, and the use of starter-cans certainly is an improve- 
ment over the old method of preparing the starters in several 
smaller cans. 

These starter-cans are jackeU'ii, so that the temperature can 
be controlled by using hot or cold water, or ice, as demanded, 
in the jacket. All of the starter-cans have an agitator, which 
is operated with a belt. 
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CHURNING AND WASHING BUTTER. 

Definition.— By cliurninf!: wc understand the agitation of 
cream to sucii an exU*nt as to bring the fat-globules together 
into masses of butter of such size as to enable the maker to 
separate them from the buttermilk. 

The agitation may be brought about in several different 



FlO. 135. — Ancient method of churning Fio. 136. — The Dash churn, 
in skin bags. 

ways, and by different shaped d(‘vices, which are called chums. 
The methods of ckuming, like the process of separation, began 
with primitive methods. The ancients churned their milk, 
without separation, in bags made from the skins of animals. 
The next step in advance Avas to place milk or cream in bottles 
or jars, and then to sliake tliem. This latter method of chum- 
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ing cream in bottles is yet in use in many of the smaller house- 
holds of Europe, where the amount of cream is limited to a 
small quantity donated by cow-owners. The next step toward 
churning on a large scale was to get a large wooden box or 
barrel run by power or by hand. The churns wliieh are in use 
at the prestmt/ time in American butter-factories ait‘ ternuKi 
‘'combint‘d chums.’’ They are so arranged iis to admit of 
churning, washing, salting, and working without rtMiioving the 
butter from the churn. Tliis style of churn is now Inmig in- 
trcxluced into Europe. Owing to their su|HTior worth they will 
soon Ik* in general use then* as well as h(*re. They kiH‘p flies 
away from the butter during fly time; the tem{K'rature of the 
butter can Ik* controlled in the churn, and the handling of the 
butter during salting and working is obviated. 


Conditions Affk(ting thf Cm UNAniLiTY of Ckkam. 

Tempcrature.“-The temperature of cit*am is one of tin* most 
influential factors in determining the churnability of cream. 



Fia. 137.—The Dairy Queen combined chum. 


The higher the temperature of the cream, the sooner the churn- 
ing process will be completed. Too liigh a 1*hurning temj)erar 
ture, however, is not desirable. It causes the butter to come 
in soft lumps instead of in a flaky granular fonn. This is 
deleterious to the quahty of the butter. It causes, first, a greasy 
texture of the butter, and, secondly, it causes the incorporation 
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ID the butter of too much buttermilk. This buttermilk rnn».- 
sugar, curd, and water, which, when present together in butteT 
hkely to sour and in other ways dctericLte tie bu w 
Curd and sugar should be excluded from butter as much 
e, m order to eliminate food for bacteria which mat be 

U^of m^tleir the fom.: 

Too low a temperature is also undesirable, although it is 
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Fio. 138.— The Victor combiaeJ clium. 

m?n li a little low rather than too high, 

k Hkelv T too low, difficult churning 

vii! ^ ‘o'»Peratu«. becomes n.om 

wscous. On agitation in the chum such cream if it is very 

th^ mil adhere to the sides of the churn and roUte with H 
wthout agitating; 'consequently no churning will take place 
Too low a temjDerature brings the butter in such a firm condi- 
. Jt takes up salt with difficulty, and when this haid 
^ worked, a large portion of the. water in the 

• Bui. No. 263, Genev., N. Y. ' ^ — 
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butter is expressed, and the overrun will be lessoned to a great 
extent without^ increasing the conmiercial value of the butter. 

The degree of hardness of the fat in the cream is the govern- 
ing factor in deciding tlie churning tem{)erature. The churn- 
ing temperature will vary a great deal in different localities. 
The hardness of the fat dcfH'nds ujK)n (1) the sc'tuson of the year; 
(2) the individuality of eow; (3) the stage of lactation jx»riod; 



Fio. 139. — ^The Squeezer combined chum. 


and (4) the kind of food fed to the cows. All these factors 
influence the melting-fxiint of Imtter-fat. The higher the 
melting-point of butter-fat is, the higher the churning tempcTa- 
ture, and the lower the mclting-ix)int of the fat, the lower the 
churning temperature. 

1. During the spring the cows yield milk containing a larger 
proportion of soft fats; consequently the churning tempera- 
ture is always lower in the spring than in the fall or winter. 
Turing winter, when the cows are fed on dr>' food cliicfly, the 
harder fats increase in quantity, and consequently a liigher 
churning tempc*rature is necessar>' during that time. 

2. Some animals produce milk containing a larger proportion 
of softer fats than do other animals. It is said that the differ- 
ence in tliis respect is more marked in certain breeds. It is 
maintained that the cows of the JeWy breed product* milk con- 
taining a larger proportion of the softer fata than do any of the 
other breeds. 

The period of lactation also affects the melting-point of 
butter-fat. When a cow is fresh she yields a larger proportion 
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of the soft fats than she docs later on in the lactation period. 
With this increase in the f)roportion of the hard fats in the 
advancement of the lactation period, the fat-globules become 
smaller. This, together with the increased hardness of the fat, 
causes difficult churning at times. It can readily be seen that 
the larger the fat-glol)ules are th(‘ greater are the chances for 
these globules to strike each other during agitation in the 
churning prwess. 

4. The nature of the food fed affects the melting-i)oint of 
butter to a considerable extent. Cotton-seed and its by- 



Fig. 140. — ^Tho Disbrow (‘ombinod churn. 


products have l)een demonstrated thoroughly by several investi- 
gators to cause butter to become hard. When a large amount 
of cottonseed is fed, the butter assumes a crumbly, tallowy, 
hard condition; while linseAl meal, and practically all succulent 
foods tend to decrease the melting-point of butter-fat. 

According to the aliove it can l)e concluded that tiie churning 
temperature may vary l^etween wide limits, but the average 
desirable churning temperature under nonnal conditions is 
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between 50° and 60° F. Any condition's which tend to harden 
the butter-fat will rc‘quirc a comparatively high churning tem- 
perature; and any conditions tending to soften the butter-fat 
will require a lowering of the churning tein}K‘ratun‘. The 
lower th(' teniix'ratuix' at which the churning can Ix' success- 
fully acconij)lished, the more complett' will Im' the churning; 
that is, the less fat will remain in the buttermilk. 




Fig. 141 .— The Simplex eoinhiiied chum, with worker detached. 

Richness of Cream.— The amount of fat in the cream affecte 
the churnability of it con.sid<‘rably.^ The richer the cream the 
sooner will l)e tlie completion of the churning, that is, providing 
the cream is not rich enough to lx* so thick as to cause the cream 
to adhere to the inside of the churn and thus escape bein^ 
agitated. If rich cream is churned at a iiigli temperature the 
butter will come in a remarkably short time, providing all other 
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conditions are favorable. Thin cream chums much more slowly, 
and can be churned at a higher ternpt^rature than thick cream, 
without injuring the quality of the butter. When rich cream 
is churned at a high temperature, and the butter comes in a 
short time (about ten minutes), the butter will usually be greasy 
in body, and will contain a great deal of buttermilk, which will 
lx; more or less difficult to remove on wasliing. When thick 
cream is lx;ing churned, the butter does not break in the form 
of small round granules, as it does when thin cream is churned. 

When tliick cream is churned at as high a temperature as is 
consistent with getting a good texture, the lx;st results are 
obtained. In the first place, rich crt*am j)roduces less butter- 
milk, consequently less fat will be lost in the buttermilk. This 
would tend to increa.se the overrun. Secondly, the breaking 
of the butter at the end of the churning will be such as to 
cause the granules to appear large and flaky, rather than small 
round granules. The more flaky granules of butter will retain 



FlO. 142.— The Siriip-cx rhurn with worker attached. 


more moisture than the snfall, h ir ler granules under the same 
treatment. Experiments show that when different thicknesses 
of cream (thin cream containing on an average 22% of fat, 
and thick cream 36% of fat) are churned, there is a difference 
of about 3% in the moisture content of the butter. The 
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average churning temperatures of cream and wash-water in these 
experiments were 56® and 53® F. respectively. 

When thick cream is churned, and the temperature is 
moderately high, it is almost imjx)sslble to churn the butter 
into granules. This condition cause's butter from thick cream 
to contain more moisture than butter from thin ert'arn. 

Amount of Cream in Chum.“~When the churn is about one- 
third full, the greatest degree of agitation is obtained, and con- 



Fiq. 143.— Danish chums and frame for holding th«ro. 


sequently a quicker churning. If a small amount of cream la* 
being churned, it is often difficult to gather the butter properly. 
If the cream is thin, the granules^re thrown al)OUt in such a 
way that they are gathered with difficulty. If the cream is 
thick, the small amount of cream will mlhere to the inside of the 
churn, and in that way delay the completion of the churning. 

It is a common opinion that less overrun is obtained from 
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a smaH churning than from a large churning. It is safe to say 
that if it were possible to maintain all conditions alike, especialljr 
as to temperature and degree of churning, there would be no 
difference in the moisture-content of the butter made from 
churnings of different sizes. When there is only a small amount 
in the churn, the atmospheric temperature is likely to raise or 
lower the temperature of the cream. If the atmosphere is 
warm, then the butter from the small churning is more likely 
to be soft. A small amount of cream in the churn is also more 
likely to l)e overchurned than a larger amount of cream. These 
twQ factors would tend to increase the amount of water in the 
butter. In mixing the salt with a comparatively large amount 
of butter, less working is necessary. Much of the butter is 
mixed in the churn without going through the workers, and con- 
sc<![uently less moisture will lx‘ expresscul from the butter. With 
the same number of revolutions of the churn the butter from 
the small churning is worked corr(‘spondingly more than the 
butter from a larger churning. Medium firm butter, to a cer- 
tain limit, loses about .2^:1, of moisture for (‘very revolution that 
it is overworked in the absence of water. 

Degree of Ripencss.—The ripr the cream is, all other con- 
ditions being the same, the easier it will churn. Sweet cream 
is viscous, and consequently the fat-globules will not unite as 
readily. The acid dev(‘lo|X‘d in the cream seems to cut or 
reduce the viscosity of the cream, although it causes it to become 
thicker in its consistency. Cream in an advanced stage of 
ripening is brittle, so to s|X'ak. That is, if a sample of the 
properly soured citwn is |K)ured from a dipjxT it will not string 
but break off in lumps. 

If very thin cream is overrijx'neil, the curd is coagulated. 
When this thickly coagulated enmm is churiwd, the solid curd 
breaks up into small curdy lumps. These small lumps of curd 
are likely to incorjxjrate thems(‘lves in the body of the butter 
and injure it^ quality, and also its keeping quality. If tliin 
cream has been overripened, it .should be strained well, and 
care should be taken not to churn it to such a degree as to 



Ciwmwo AND WASHINO BUTTER, 


m 

unite the granules into lumps More the churn is stopped/ By 
stoppinii} the churn while the butter is in a granular fomi, the 
most of thest' cuniy sjx'cks can l>e s('])arattHl from the butter 
by copious washing. Some s|HTks ait' lik(*ly to remain in the 
butter when the cream is in such a condition, but by following 
the above plan enough of th(‘ specks tan Ix' itmioved from the 
butler so that it will not injure its commert'ial (|uality. The 
degree of ripeness of cream does not have any effect upon the 



Fio. 144. — ^The chum-room in Trifolium Creamery, Denmark. 


composition of the butter, except in incn'asing the curd con- 
tent, as mentioned. 

Nature of Agitation.— The nature and dc'grtx' of agitation of 
cream affect the churnability consfderably. Many different 
kinds of churns an‘ on th(* market at the pr(‘sent time. The ro- 
tary drum-churns, now us(hI almost universally in this country, 
are claimed to give the greatest degree of agitation; that is, 
providing the chum revolves at a proper rate of speed. If 
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the speed Is so great as to cause the cream to be influenced by 
the centrifugal force generated, rotating it with the cliurn, 
then no agitation will take place. Consequently the churning 
process will be delayed, if not entirely prevented. If the 
speed of the chum is too slow, the degree of agitation of 
the cream will not be at its maximum, as the cream will tend 
to remain at the lowest portion of the churn without being 
agitated. 

In the old-fashioned dash-churn the cream was not exposed 
to much agitation. In Europe the upright barrel-churn with 
rotary stirrers inside is mostly used. It takes longer to churn 
in this chum than in American churns. However, it gives good 
satisfaction. 

The propc^r speed of the combined churn,— -that is, the speed 
at which the greatest degree of agitation is brought about, — 
cannot be given here, as it varies with the different diameters 
of the churns. The directions given with the churns from the 
manufacturing companies should I)e followed. So far as known 
the quality and composition of butter obtained from churning 
at a low speed, and at a rapiil speed, do not vary. 

Size of Fat-globules. —dream containing large fat-globules 
chums more quickly than cream containing small globules. A 
more exhaustive churning can also be obtained from cream 
containing mostly large globules. It is, however, impossible 
to obtain cream wliich does not contain any of the small globules. 
The minute globules are always difficult to remove from the 
serum, whether it be in the churning or in the separation. In 
tlie churning there is a certain force which always tends to hold 
the globules in place. This foix!c acts in a correspondingly 
greater degree upon the small globules. They are held in 
position and move only when the cream is exposed to agitation. 
Cream contwning larger globules allows them to escape from 
tlieir position with greater ease tlian does cream containing 
the minute globules. The globules wliich are not removed from 
the buttermilk during the churning process are largely of the 
small type. 
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Straining of Cream.— Before the cream is transferred from 
the ripening-vat to the churn it should be strained through a 
fine perforated tin strainer. This can be conveniently done 
during the changing of the cream from the ripening- vat to the 
chum. Special strainers are now manufactured which can 
be hooked onto the churn, and the cream can run directly from 
the ripening-vat through the strainer into the churn. This 
straining of the cream separates all the lumps which are 
likely to appear. It also separates any other coarse impurities 
wliich may Ik; present. If these impurities were not sepa- 
rated they would probably be embodied in the butter and 
cause an unsightly apjK'c.rance. They would also lx; likely to 
injun' the keeping quality of the butter, but this would depend, 
of cours(‘, ui)on th(‘ character of the impurities. 



Fio. 14(). — (^reain and milk Htrainer. 


Color. “In ordc to mainUiin a uniform color in the butter 
during the differont s('ason.s, it is essential that some artificial 
color ho added at certain times. During the latter part of 
May and the fore part of June the butter has a rich yellow 
color, which is accepted as the standard color of butter. This 
is often referred to as the June color.” 

There are several different butter-colors on the market, for 
which special merits are claimed. All the colors, so far as 
known, are efficient in imparting color to the butter without 
materially coloring tlio buttermilk. A good butter-color should 
be a substance which does not impart a bad smell or taste to 
the butter. It should possess strong coloring properties, so 
that very little of it would have to be added in order to 
impart the desirable color. It should not be injurious to health. 
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Some colors are prepared from the fruit of the annato tree, 
which grows in the East Indies and South America. The flesh 
of this fruit is dissolved in some oil, such as sesame or hemp. 

Before any of the proper commercial butter-colors were put 
upon the market, extracts of carrots, marigold, saffron, and 
annato were used. The yolk of eggs has also l)een used to 
some extent. It is said that carrot-juice is the most healthful 
butter-color. 

The amount of color to add dofx'nds upon the market 
requirements, and ujK)n the season of the year. As was men- 
tioned before, in Juno little or no color should l>e addeni. As 
the summer season advances the amount of color added can be 
gradually increased. During winter, while the cows are on 
dry feed, the maximum amount of color is generally us(hI. Color 
requirements of the butter vary considerably at the .same .season 
of the year. American markets demand a higher color than 
Euro{)ean markets. The northern markets desin^ a light straw 
color, while the southern markets want a de(*pcr color, almost 
an orange color. The Jewi.sh trade requires uncolon‘d butter. 
In .some of tlie Kuro|H‘an countries no color is u.sed. llio 
English market, which is the greatest butter market in the 
world, demands butter that has a very light straw color. The 
main object in coloring butter is to maintain a uniform color 
during the different s(‘asons of the year. The amount of color 
to add during the different .s(»a.sons will usually vary l)etw(‘en 
none to a trifle over two ounces for every 1(K) pounds of fat. 

The color should lx* added to the cream Indore the churn 
has b(»en started. If this has not lx*en done, the butt(‘r can lx; 
colored by mixing the color with the salt, llie salt should 
then be w^ell distributed and w'orked into the butter until the 
body of the butter assumes a uniform color. The chief ob- 
jection to this method is, that it is difficult to work in the color 
thoroughly without injuring the butter. 

When to Stop the Churning. — Different makers have various 
ways of ascertaining when the churning process has l)een com- 
pleted. • Some determine the proper churning «tage by the sue 
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of granules. Others by the height at which the butter floats 
in the buttermilk. Others again depend upon the appearance 
of the buttermilk. It is well to let all of these factors influence 
the operator in deciding when the churn should be stopped. 
Any one of these factors may not be sufficient indication to 
insure the profx^r time to stop. 

The size of the granules is the most common factor that 
determines the time when the churn should be stopped. It 
has been a general rule in the past to stop the churning when 
the granules arc a little larger than wheatrkernels. As a rule 
it is safer to carry the churning on a little further until the 
granules increase to the size of corn-kernels, irregular and 
flaky in shape. At this stage the buttermilk will usually appear 
bluish in color, and the butter is raised above the buttermilk 
a considerable distance. When the butter is churned to too 
small granules, many of them will go through the strainer into 
the buttennilk, and cause a considerable loss. When butter 
in such shape is washed in medium-cold wash-water, the granules 
continue to remain in a separate state. When salt is added, 
the moisture is extracted from them, and the water is likely 
to hfi caught in holes and crevices during the working and 
cause leaky butter. If the churning is carried on a little further, 
the granules will not escape into the buttermilk. The churn- 
ing is more complete, and the moisture will be incorporated in 
a better condition. 

Overchurning should l)e avoided as much as underchurning. 
If butter is overchurned in the buttermilk, it will retain a 
large amount of the buttermilk, which will be very difficult 
to remove by washing. Ovcrchurning butter, especially at a 
medium-high temperature, is very effective in increasing the 
moisture-content of butter, and should l)e guarded against for 
that reason. Butt?r containing more than 16 % water is not 
permissible on the American market. 

Wlien cream is in a poor condition it should not be over- 
churned, as the incorporation of buttermilk produces a veiy 
rank and unclean flavor in the butter. Cream in condi- 
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tion also conUuas many undesirable germs, which, when in- 
corporated into the butter, will eauw it to deteriorate to a great 
extent. When the cream is in p(K)r condition^ the churn should 
be stopped as early as is consistent with the completeness of 
churning. The buttermilk should Ik* removed and the butter 
washed thoroughly in good clean and pure wash-water. If 



1 2 3 4 6 

Fia. 14''.— Butter from 1 lb. of fat in rylindcrs, nhowing the effect of differ- 
ent percentages of water upon <)uantity. The water-content of these 
samplefl ranges between 8% and 19%. 

the wash-water is added while the butter is in this granular 
condition, the buttermilk can l)e very effectively removed. 
If one washing is not sufficient, wash three or four times. In 
such a case the temperature should Ix^ low. If the temperature 
of the wash-water is high, and the butter is washed excessively, 
it will contain too much moisture when it is finished, and is 
likely to be salvy. By washing with w^ater at ^ low temperature 
the butter will not incorporate so much winter. What it does 
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FlO. 148. — Butter sample, Fig. 149. — Butter sample, 

16.01% water. 16.31% water. 



Fro. 159. — Butter sample, 13.37% water; leaky, 2% brine. 


Microscopical views showing condition of water in butter. Fig. 1 48 shows that 
the water has been incorporated in the form of very minute particles. 
Storch found from nine million to sixteen million water particles per 
cubic millimeter. Such butter appears dry and a little dull. Fig. 149 
shows the water iijcwporated m medium-small particles. There was 
on an average three ana three-hfths millions of water particles per cubic 
millimeter in such butter. Fig. 150 shows condition of water in leaky 
butter. Storch found about tw'o and one-half million water jparticlM 
per cubic millimeter in butter having such a body. (Viewa by 
Storch.) 
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incorporate »n excess, will, as a rule, be expressed during the 
working of the butter — a result due to its finnness. 

If the attempt is made to incorix)rate water by working 
the butter in water after the salt has l>een atlded, while the 
butter is in a hard, granular condition, it will usually ap|¥'ar 
leaky. 

If cream is in a gcxnl condition, overchurning to a small 
extent does not produce any bad results. The germs which 
are present in pure and well-ri|H*ned cn'ain are not deleterious 
to the keeping quality of the butter. The amount of butter- 
milk incor|X)rated in the butter is not suHici(‘nt to cause any 
bad effects u[X)n its quality. If the cnam is in projH'r coruli- 
lion it is difficult to inc(»r})orat(‘ any more than d' <' (►f curd 
into the butter. While overchurning is not to Ik* recommended, 
if it is at any time desiral)le, it should Ik* done* in the wash- 
water rather than in the buttermilk. 

Churning Mixed, Sweet, and Sour Cream.- \^'h(*n two lots of 
cream art* to lx* churned, one sweet and tlu* other sour, they 
should Ik* churned s(*j)arately. If the two lots of cr(*am are 
mixed together, the sour cream churns inon* <|uickly than the 
sw(*et cream. As a cons(*(juence the churn is likely to l)e 
stopjH'd U'fort^ the fat from the swtrt cream has lK*en com- 
pletely separated from the st'rum. 

At some of the creameries conditions are such that the 
o|x*rator may 1)0 tempted to mix the two lots of cn‘am. Where 
swwt cream arrives at the creamery just ])n*vious to churning 
time, it is advisable not to mix the .swc*et cream with the sour. 
It is, as a rule, better to carry the sweet cream over to the 
next churning, or, if ne(x*ssary, chum it separately. 

Difficult Churning. — Difficult churnings in creameries are 
not very common. In farm butti*r-making it is more frequent. 
Especially is this so in the fall. At tWs time the cows are 
usually well advanced in the period of lactation, and early in 
the winter they are often fed on food which causes hard butter- 
fat, as described under “Effect of Food upon Fat.” In the 
fall or early winter, a large portion of the milk is usually obtained 
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from strippers, or cows almost dried up. Such milk contains a 
large portion of the small fat-globules. Difficult churning 
resulting from such conditions can usually be remedied by 
ripening to a higher degree of acidity and churning the cream 
at a higher temperature. 

Complaints arc occasionally heard of difficult churning 
which cannot be remedied by such treatment. Sometimes 
cream froths, and will not agitate in the churn. Such a frothy 
condition has in some cases been found to occur even though 
the cream may seem to be in an ideal cond.tion for churning. 
It is believed by some, notably Hertz, that such a condition in 
the cream is brought about by a disease of the cow. Welginan 
has studiinl and isolated a ferment which caused a soapy condi- 
tion of milk and cream. It is |X)ssIble that such exceed. ngly 
difficult cases in churning may be due to a disease of tlie cow, 
and it may also be due to c: rta n fer.nents that produce a soapy 
condition of the cn^am. 

If thick cream at a very low temperature is put into the 
churn, it sometimes produces difficult churning. When such 
cream is first agitated in the churn it incorporates considerable 
wr. This air, together with the various gases developed at a 
low temperature does not readily escape. The viscosity of 
it is so great that it will not release the air present. As a 
consequence it assumes a stiff consistency, much the same as 
the beaten white of an egg. If cit'am froths in the churn as 
mentioned, a little warm water thrown on the outside of the 
churn will often start the agitation of the cream within. If 
a combined churn is used the rollers may Ik? put in gear, and 
the chuiti revolved in slow gear. This will often start the 
cream to agitate. If these two remedies are not sufficient, a 
litUalUfater, luke-warrn if necessary, may be added directly to the 
cream* By letting thh churn stand a short time, the cream will 
usOilBly condense into a liquid form again, and many times the 
process can then be completed. This latter method, how* 
usually requires more time than can be profitably spared, 
churning difficulty is of a serious nature the remedies are: 
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(1) If produced by a certain cow, or herd, find out whether 
it is produced by a fermentative process, or by other abnormal 
conditions of the cow. 

(2) Change the food of the cow. A succulent food will 
usually cause the cow to secrete mom milk, and of a different 
nature. 

(3) If produced by a ferment, endeavor to control the fer- 
mentation as previously desc;rilH‘d. 

(4) Ilipen the cream to a higher degree of acidity. 

(5) Skirn thicker cream and churn at a higher tempera- 
ture. 

The last three methods will cun* most cases of difTicult 
churnings. 

Keeping Churn Sweet. It has l)ec*n mentioned U'fore that 
butter absorbs fomigu cMiors very madily. If the churn is not 
kept in a pure, sweet condition, the butler will Ik* exj)Osed to 
the undesirable odors and its co.nmcrcial quality will be im- 
paired. The best butter cannot Ik* producwl in a foul-smelling 
churn. As churns often ait? not us(‘d every day, they very 
readily assume this impure condition, and it is essential that 
special care be taken in kw'ping them clean. 

The best method of keeping chums in good condition is to 
rinse the churn in two sets of water at the end of each churn- 
ing. The first rinsing should be made with lukewarm water, 
the second with scalding hot water. Some picfer to turn the 
chum over with mouth down. Others prefer to allow the 
cover-hole to turn up. When the chum is turned with the 
cover-hole down, the remaining steam on the inside of the 
churn will not escape. It will condense inside of the chum, 
and cause the chum to remain in a damp condition over night 
or even longer. By turning the churn with the cover-hole up 
the dust and other impurities, if present, are likely to settle 
into tne chum. A gootl way is to turn the chum over so that 
the cover-hole points to one side. The chum should be thor- 
ou^y drained fimt, otherwise some watej will remain in the 
bottom of the chum. When the chum b left with the cover- 
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hole at one side, the steam can escape, and the heat absorbed 
from the wash-water will dry the chum thoroughly. Many 
makers rinse the chum only once and use scalding hot water. 
This method is likely to scald the remaining curd on to the 
wood; secondly, one rinsing is not enough to insure a clean chum. 
The first rinsing with lukewarm water removes the major por- 
tion of the buttermilk and brine, and to a certain extent warms 
the wood of the chum, .so that when the second rinsing with 
scalding hot water i.s completed, the chum has been thoroughly 
scalded. In addition, the chum is clean, and no food left, on 
which for germs to thrive. The chum is also left warm, and in 
that condition will dry quickly. 

Some makers prefer to keep the churn in a good condition 
by sprinkling salt on the inside after washing. This i.s not to 
be rticommended, as all churns contain more or less iron-ware 
on the inside. Salt, wliile a good germicide, causes the forma- 
tion of rust on all iron with which it comes in contact. After 
a time this rust will scale off to a certain extent and become 
incorporated with the butt<'r. 

If the churn is treated daily in the manner described above 
and then at the end of the week treated with .slacked lime, the 
churn can l)e kept in a good sweet condition. The lime should 
be freshly slackwl and in a liquid condition when put in the 
churn, A pailful or two of this fluid will be sufficient for each 
churn. By rotating the churn a few times the lime will be 
spread all over the inside of the churn. Let the churn remain 
in this condition until ready for use again. When ready for 
use, put in some warm water, and the lime will readily come 
off. But if it has been allowed to rernmn in the churn too 
long, it will form a lime carbonate, and will be more difficult 
to remove. 

lime is one of the best disinfectants and deodorizers that 
can be used in a creamery. Some of the best butter-makers 
use it Wery day on all the wooden utensils, such as on butter- 
worl^rs, chums, etc. lime can be used more advantageously 
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in American creameries than it is to-day. Many creameries 
would be in a much sweeter and purer condition if they were 
given a good coat of whitewash on the inside once a month. 
Refrigerators, wooden utensils, and rooms of any kind can be 
kept in a good sweet and pure condition by wliitewashing or 
sprinkling a little lime on them. 


Washing of BriTER. 

Purpose of Washing.™ The chief object of washing butter is 
to remove as much buttermilk as |M>ssible. The more impure 
the cream is, the gr('ater is tlie importance of getting the butter 
thoroughly washed. In the winter, when it is cold, and the 
cream is in good condition, some nmk(‘rs do not wash the 
butter at all. Hut this is not a safe method. The removal 
of the buttermilk constituents .should Ik‘ as complete as con- 
ditions will {K'rinit, 

Temperature of Wash- water.— The tem^KTature of wash- 
water should Ik' as nearly like that of the cream when churned 
as is consistent with the other conditions. Extreme and rapid 
changes in bmiperat ure .should always avoided. ( )ccasionally 
it is neces.sary to use water that is colder than the cri*am. At 
other times it is n(‘ces.sary to us(» wash-waU*r at a higher tem- 
perature than that of the crc*am. If the butter chunvs soft, 
do not use ice-cold wash-waU‘r to cliill the butter, as it has a 
tendency to give but ter a tallowy appearance. Neither should 
hard butter Ixi quickly softened by using wash-water at a very 
high temperature, as it is likely to cause the butter to assume 
a greasy and slushy texture. If it is necessary to change the 
degree of hardness of the butter, change it gradually by using 
water at a moderate temperature anjJ allowing the butter to 
be in contact with it a longer time without agitating it much. 

Unless the butter is of very poor quality, excessive washing 
diould be avoided. Cold water is said to aljsorb a considerable 
por.tion of the flavoring substances. If .the quality of the 
butter is poor, many of the undesirable flavors and odors are re- 
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moved by excessive washing; while if the butter has a fine, rich 
flavor, it should be retained, and not extracted by washing 
the butter more than is needed. No definite temperature can 
be given, as the temperature of wash- water must vary accord- 
ing to the hardness of the butter when churned. 

If the temperature of the wash-water is too high, and the 
churning in the wash-water is continued a very long time, much 
water will be incorporated in the butter. If the butter is quite 
firm in the first place, and the temperature of the wash-water 
is not above 60° F., there is not much danger of getting too 
much water in the butter. Rapid changes in the degree of 
hardness of the butter in the presence of water are conducive 
to a high moisture-content. Very soft butter chilled in very 
cold water, and hard butter softened in very warm wasli-water 
are two conditions which should be avoided. 

Kind of Wash-water to Use. — In the washing of butter, 
it is very essential that water usc^d should be the best obtain- 
able. The creamery water-supply is evidently much l)etter 
now than it was years ago. Pond-wells and shallow wells are 
gradually paswng out of existence, but there are yet many 
shallow wells from which water is drawn for creamery purposes. 
Water from wells may apfx^ar to be pure, and yet contain 
genns wliich are deleU^rious to dairy products, and especially 
to the keeping quality of butter. That water of average purity 
contains such genns has been demonstrated in this country, 
as well as in foreign countries. Shallow well-water contains 
on an average about 15,000 germs per cubic centimeter, but 
Miquel has found that a rapid power of multiplication charac- 
terizes the bacteria in pure spring-water, while in impure water 
the multiplication is slower. Water containing only this many 
germs is, as a rule, considered very pure. Most creameries, 
however, punjp their water into a tank overhead in the creamery, 
where it is contaminated with bacteria and impurities of different 
kinds. 

Shallow wells are usually surrounded with eonditiona which 

ho not guarantee a creamery pure water during the different 



ClWRNINO AND WASHING BUTTER 


249 


seasons of the year. In the spring, when rains are frequent 
and heavy, unwholesome surface-water is likely to seep in 
through the sides. Such wells may also ser\'e as traps for 
small animals. The presence of an animal in the well is sure 



Fio. 161.— The shallow barnyard well with pri\ 7 - vault and manure heape 
near by. Tlie water is likely to be contaminated from these any time. 
(Farmer’s Bui. No. 43, U. S. Dept, of Agriculture.) 


to cause undesirable odors and a multitude of undesirable and 
putrefactive organisms. 

Water from deeply drilled wells, even if it is pure in so far 
as its germ-content is concerned, is ift many cases turbid and 
sandy, and needs to go through a process of purification as much 
as does the shallow well-water. 
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Methods of Purifying Wash-water. 

There are two practical and effective methods of purifying 
wash-water, viz., (1) Filtration, and (2) Pasteurization. Which 
of these two methods is the most practicable and the most 
effective in the creamery depends upon the conditions and 
upon the quality of the water. In the case of water from deep 
wells, which contains little or no organic matter, but at the 
same time is infested with undesirable germs, pasteurization 
is perhaps more expedient. Filtration, if the same degree of 
thoroughneas is to be reached as in pasteurization, is a com- 
paratively slow process. Pasteurization of wash-water is a 
trifle more expensive than filtration. Wash-water can be 
pasteurized at the same time that the churning is being done, 
thus economizing in time and fuel. Pasteurization is quite 
effective in rendering the water germ-free, but it is not so 
effective in removing any organic matter or other tangible 
impurities which may ho present. If the creamery does not 
already have a pasteurizer, filtration can be employed very 
profitably, and under average conditions it will perhaps give 
the best results. 

Filtration.— Filtration is inexiH‘n.sive, and is a very efficient 
method of purifying wash-water. 1 1 seems strange that bacteria 
can be removeil from water by passing through layers of sand, 
gravel, coke, and charcoal, but such is the case. Filtration 
is applicable to all kinds of water; even if the water appears 
pure, it is well to filter it. Fewer germs and fewer varieties 
of micro-organisms are apparently found in deep well-water 
than is the case in water from surface- wells; hence the ferments 
which are present will have a free field for developing in the 
absence of competing forms. If a sample of water which is 
rich in micro-organisms is violently shaken with a certain amount 
of charcoal, coke, chalk, or similar substances, and then left 
for a ||De to settle, the pure layer of water at the top will be 
almoill^tirdy free from germs, and in some cases entirely 
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Sterile. It used to be thought by older German investigators 
that these different filtering substances had almost fiuraculous 
power of removing organisms from water. 

The factors w'hich are to be considered in successful filtra- 
tion are: 

(1) Storage capacity for unfiltertnl water. 

(2) Construction of filter-beds. 

(3) Rate of filtration. 

(4) Renewal of filter-beds. 

(1) Concerning the storage capacity, nearly all creameries 
have storage-tanks overhead in the ereaintTy; so far as that 
is concerned, however, filtration can Ixi successfully carried on 
continuously as well as intermittently. 

(2) The construction of the filter-l)ed us("d in the ex[x^ri- 

ment carried on at the Iowa Kx|)eriinent Station, Anuns, Iowa, 
is as shown in Fig. The approxifiiate proportionate 

depth of each layer in the lH‘d is as follows, bi^ginning at 
the bottom : 

IVo inches small flint stones; 22 inches fine sand; 12 
inches fine coke; 9 inches charcoal; 2 inches fine stone or coarse 
gravel. The layer of fine sand should not Ik* le.ss than 15 inches. 
It has lx*en asserted that a few piwes of old iron mix(*d in 
the filter-lxKl are IxTieficial. Alum, lime, and copperas have 
l)een recommended for clarifying and deodorizing very impure 
water. As these substances are soluble they should not 1)0 used 
in filter-beds, wliich arc intended for the filtration of water 
for potable purposes. The filtering-can was made from 22 
galvanized iron. The height of can is 48 inches; diameter, 
18 inches. Tlie bottom of the can is slantifig towards the 
faucet, or opening. Thus no water is p<*nnitted to stand on 
Uie l)ottom and afford opportunities for gcnns to accumulate. 
On the inside are three plates. One he« horizontally, near the 
bottom, and upon it the filtering-material rests. Another lies 
on the top of the fine sand. Both of these plates were per- 
forated with many small holes. Near the top is placed a 
concave {^te with a hole near the center. *This plate directa 
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all the water to the center of the filter-bed, and thus the water 
gets the full benefit of the filtering process. The total cost of 
this filtering-can when complete, was $11.11. 




Fig 


Fio. 162. — Filter-can: 1, overflow; 2, inlet of tap-water; 3, outlet of filtered 
water. 

FlO. 163.— Cro88-flection of filter-bed and can; 1, overflow; 2, inlet; 3, out- 
let of filtered water; 4, perforated galvanic-iron plate; 5, perforaC 
galvanised-iron plato; u, concave galvanized-iron plate with hole in 
oe&ter. 


(3) The rate of filtration is necessarily governed by the 
depth of the filter-bed, the character of the material used, and 
its fineness. The water passes through the charcoal, coke, 
and gravel quite rajadly, yet the substances are very strong 
barriers to the passage of micro-organisms. The sand layer 
does not admit of so rapid filtration. Fine sand, however, is 
one of the best filtering substances that can be had. The rate 
of filtration can bh r^ulated by increasing or decreasing the 
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depth of the fine-sand layer. In a general way, the slower tho 
rate of filtration is, the more thorough it is; and^ vice r’crsa, the 
more rapid the rate of filtration, the inort^ incomplete is the 
removal of the bacteria. If (he filter-lx'il is constructed afi 
describ'd above, the raU' of filtration will Ik' al)out 18 gallons 
per hour, and al)out 9G^< of all the gt*nns pres{‘nt will l)e removed, 
together with the impurities present in sus|K‘nsion. 

(4) The filter us(h 1 at the Iowa ] A|XTiment Station was in 
constant use for al>out tlm^e months, without having Ixjen 
changed. At the end of this time it did as efficient work as 
at any previous time. The h'ligth of time a filter-lxd can l)e 
used without lx*ing changed de|M‘nds u|X)n the purity of the 
water to Ix^ filtennl, and also ujKm which kind of filtration is 
used, the continuous or the intermittent. The more impure 
the water which has to lx‘ filteml, the oftener the filter-bed 
should \ye changed. Whenever the rate of filtration is decreased 
to such an extent as to make the [)rocess impracticable, the 
filter-txxl should Ixj taken out and cleaned. If the water 
to be filtered is of average purity, a change of the filtering-mate- 
rial once every four months is ordinarily sufficient, no matter 
whether continuous or intermittent filtration is used. A 
filter-l)ed may do efficient work even a longer time than this. 
The same filtering-material can lx* used again providing it is 
thoroughly washed previous to replacing it in the filtering-can. 

Kinds of Filtration. — The two kinds of filtration in use are 
(1) Continuous, and (2) Intermittent. 

By the continuous method of filtration the inflow of water 
into the can is constant during night and day. The stream of 
water admitted into the filter-can is sufficient to cause the 
surface of the filter-bed to l)e covered with water all the time 
This method excludes all oxygen from the filter-bed, except 
that which is in solution in the water. • 

During the process of filtration a slimy coat is deposited 
on the fine sand. This seems to be the real agent absolutely 
necessary in order to eliminate bacteria by a process of filtra- 
tion. ‘ A filter-bed without this slimy deposit bn it simply t^ces 
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out the coarse organic and inorganic matter held in suspension, 
without removing the bacteria. If some bacteria are removed 
with the matter held in suspension, others are carried along 
from the filter-bed. Owing to this, a new filter-bed must be 
kept in operation a few days before the filtered water can be 
considered pure and ready for use. The following table illus- 
trates how the germ-content of water is decreased as the process 
of filtration is carried on during the first few days: 

Filtered Un filtered 
Water. Tap-water, 
Germs per Germs per 


C. c. C 0. 

No, 1, Taken when filter-l)ed was first used 20,000 107 

“ 2. “ “ “ had worked 1 day 800 118 

“ 3, “ .3 days 370 96 

‘‘ 4. “ “ “ “ 5 ‘‘ 48 54 

“ 5. “ “ “ “ “ 7 “ 3 73 

“ 6. “ “ “ 9 " 5 89 


It will hct seen from the table that during the first three 
days th(* filter-lxHl w'as in use the filtered water contained more 
genns than the unfilteitHl. Good results were not obtained 
until the seventh day. In order to be on the safe side it is 
best to ex|)oso the filter-lHHl to continuous filtration for about 
nine days Iwforti the water Is used. 

The slimy coat referred to above is formed by certain germs. 
These germs then constitute the real agent of filtration. In 
order for these micro-organisnivS to do etficient work oxygen 
is essential. Well-water of average purity contains enough 
oxygen in solution without employing an intermittent process of 
filtration, and consequently for creamery purposes tlie con- 
tinuous method of filtration is to be recommended. 

Intennittcnt.— Tlie intennittent process of filtration is used 
where comparatively impure water is being purified, such as 
in purifying water for^ large cities. If the continuous process 
of filtration were employed in such instances, the filtered 
water would not be free from genns, due to the fact tliat impure 
river-water does not carry enough oxygen in solution to supi^y 
the germs which form the real filtering agency. 
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If the intennittent process is used, the first water filtered 
after the intervening period should not be used. During the 
intermission, or during the time that the water is shut off, 
germs develop and come through the filter-bed with the water 
that is filtered. 

Advantages of Purifying Wash-water for Butter.— The chief 
advantage of purifying wash-water for butter is that the keeping 
quality of the butter is improved, and if the projK'r skill and 
care have been applied in the other steps of manufacture, a pure 
sanitary product is obtained. The sanitary efficiency reached 
by purifying the wash-water constitutes no small consideration. 
Germs producing contagious diseases are thus checked from 
spreading. 



CHAPTER XVn. 

SALTING AND WORKING OF BUTTER. 

Objects of Salting.— The chief objects of salting are: (1) 
to impart a desirable flavor; (2) to increase the keeping quality 
of butter; and (3) to facilitate the removal of buttenuilk. 

Amount of Salt to Use to Produce Proper Flavor.— The proper 
amount of salt to use in order to impart a desirable flavor 
depends chiefly upon the market. Some consumers prefer a 
medium high salt-content in butter; others, again, like butter 
which contains very little salt. The English market demands 
rather light-salted butter. In fact, this is the case with prac- 
tically all European markets. American markets, as a rule, 
demand comparatively liigh-salted butter, as much as will 
properly dissolve in the butter. Parisian markets and some 
markets in southern Germany require no salt in it at all. The 
salt-content of butter may vary between nothing and 4%. 
Butter containing as much as 4% salt is, as a rule, too higlily 
salted. When it contains this much salt, part of the salt is 
usiudly present in an undissolved condition. Tliose who like 
good butter prefer butter that contains the salt thoroughly 
dissolved and well distributed. 

The amount of salt to be added should be based upon the 
least variable factor. Some creamerymen measure the amount 
of salt according to the amount of cream in the chum. While 
the box-churo and Masdn butter-worker were being used, many 
makers preferred to weigh the butter as it was transferred from 
the chum to the worker. The method mostly in use now, and to 
be recommended, is to base the amount of salt upon the number 
of pounds of fat ^The amount of salt to use per pound of fat 

as6 
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varies, therefore, according to the conditions mentioned below, 
and also according to local conditions. Usually from half 
an ounce to one and a half ounces of salt per pound of butter- 
fat is most suitable. In whole milk creameries the salt is 
often estimated per hundredweight or per thousand pounds of 
milk. 

To get the butter salted unifonnly from day to day is very 
important, as a small variation in the salt-content has a greater 
effect upon the quality of butter than has a small variation 
in any of the other butter constituents. A variation of 1% 
to 2% in the salt-content can very easily be detected by the 
consumer, while that much variation in any one of the other 
constituents could not be readily noticed. 

Tlie conditions upon which the proper amount of salt 
dep)end are: First, the amount and condition of moisture in 
the butter at the time the salt is added. If there is a great 
deal of loose moisture in the butter, more salt is necessary. 
This is due to the fact that the salt will go into solution in the 
water and be expressed during working. Secondly, it depends 
upon the amount of working the butter receives, and at what 
time the bulk of working is done, after the salt has IxHm added. 
If the butter is medium firm, moisturt' in the form of brine 
is being expressed during the working. Consequently, i\u} more 
butter is worked, up to a certain limit, the more brine is feeing 
expressed, and the more salt should l)e added to the butter. 
Thirdly, the amount of salt to add depends also upon the size 
of the butter granules at the time the salt is being added, and 
the hardness and softness of the butter. If the granules are 
very small and qiutc hard, they take salt with difficulty. The 
salt attracts also more moisture from these small granules than 
from larger ones, which will escape in the form of brine. 
If the butter is present in a rather soft, lumpy condition at 
the time the salt is added, and there is no water in the chum, 
very little salt is wasted in the form of Wne, consequently 
less salt is necessary in the first place. , 

It is undoubtedly due to these facte that the salt-content 
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And the condition of salt in butter vaiy so much at the different 
creameries; they even vary considerably from one churning 
to another at the same creamery. If conditions are uniform 
in the creamery from day to day, the amount of salt to add 
to butter, and the amount of salt retained in the butter when 
finished, will be comparatively uniform. 

It should be mentioned in this connection that butter made 
from very good cream should not be salted too heavily. Butter 
made from a rather poor quality of cream may be salted corre- 
spondingly heavier. This is due to the fact that the heavy 
salty taste covers some of the undesirable flavors in the butter. 
If the butter-flavors are good, they should not be hidden by 
a heavy salty taste. If the butter-flavors are poor, then it 
may l>c policy to partially cover them up with a medium-heavy 
salty flavor. 

Effects of Salt upon Keeping Properties.—That salt is anti- 
septic is no longer a doubt. It has been demonstrated in 
lal)oratory work with butter that the growth of certain germs, 
isolated from butter, can l)e completely checked by the addi- 
tion of a certain amount of salt to the medium in which they 
are inoculated. Bouska* found that a yeast isolated from 
butter showed luxuriant growth in a medium containing 2% 
of salt in forty-eight hours, and only a trace in 4% of salt. 
The same germ showed only a trace of growth in a 6% salt 
medium after five days. 

The ordinary bread-mould, PeniciUium glaucum, was iso- 
lated from butter and showed noticeable growth in a 9% salt 
medium in two days, and only a trace in a 10% solution during 
the same time. A spore-bearing bacillus isolated from butter 
produced only a trace of growth in a 4 % salt medium. No 
growth occurred at all in a medium containing 6% of salt. 
Another gas-producing organism was also isolated from butter 
ami only a weakened growth was produced in a medium con- 
taining 4% of salt. 


* Iowa £x. 8U., Bui. 80. 
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If it were practicable and consistent with the demand of the 
consumers, so far as the keeping properties of butter is con- 
cerned, it would be ad\i8able to salt butter as highly as 6%. 
This much salt would tend to a large extent to check deterio- 
ration of the butter due to bacterial growth. 

That salt promotes the keeping quality of butter has also 
been demonstrated in a practical way during the Iowa Educa- 
tional Contest in 1903. Fifty samples of butter containing 2i% 
or more of salt w^ere scored off in New York, on an average, 
2.38 points, while the remaining 171 siunples containing less 
than 2i% salt were scored off 3.54 points on an average; a 
difference in favor of the keeping quality of high-salted butter 
of 1.16 points. Most American markets demand a salt-content 
of about 2\% in the finished product. 

Salt Facilitates the Removal of Buttermilk. — That salt 
facilitates the removal of buttermilk can easily he demon- 
strated by observing the escape of buttermilk from the butter 
immediately after the salt has been addend and mixe(i with the 
butter. The first effect of salt when added to the butter is to 
precipitate the curd in the buttermilk. This precipitation is 
greater when a large amount of salt is added than when only 
a small amount is added. The precipitation of the casein in 
the buttermilk sets free the remainder of the buttermilk con- 
stituents; that is, when the casein is pn^ipitated, the whey 
part assumes a more fluid condition and escapes, and the butter 
retains a portion of the curd. Owing to this action of the 
salt, it is essential that the butter should be as completely 
washed as possible, as otherwise it will retain an excessive 
amount of curd. The butter acts in a manner somewhat 
similar to a filter in removing a part of the curd from the other 
buttermilk constituents. , 

Salt in Relation to Water in Butter.— Experiment has dem- 
onstrated that pure fat is not a salt-dissolving substance. 
Owing to this fact the only salt-dissolving substance in butter 
is water. As water will hold only a certain amount of salt 
in sedution, it becomes evident that the amount of salt which 
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can be properly incorporated in butter depends upon the amount 
of moisture present. 

The amount of salt which water will ho'd in solution at 
different temperatures varies somewhat according #o differ- 
ent investigators. According to Gerlach * water will dissolve 
35.94% salt at 58® F. This is approximately the temperature 
at which salt is worked into butter. Theoreli: ally, butter 
containing 15% of water sliould be able to properly dissolve 
6.4% of salt. Butter containing 13% of water should be able 



Fra. 164.*^Aoiiofi of salt aolutlonii of different strength on the pfoteids of 
buttermilk. (Bui. 263, Gen., N. Y.) 


to properly dissolve 4.68% of salt, and butter containing 10% 
of water should he able to dissolve proi)erly 3.6% of salt, etc. 
According to experiments conducted at the Iowa Experiment 
Station the maximum per cent of prre salt (NaCl) that could 
be properly dissolved in water of I utter containing 16.92% 
of moisture, when worked 18 revolutions at intervals during 
two hours, was 16,57%. When butter was worked the same 
^!IOimber of revolutions at intervals, and was allowed to dissolve 


* * Kemiker-Kalaiider, p. 219. 
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only one hour, the amount of pure salt (NaCl) that was dissolved 
in the water of the butter containing nioistur- was 

14.09%. This undoubtedly will vary with different brands 
of salt. 

It will thus be seen that the pro})erty of water to take up 
salt is seemingly lessened when the water is prestmt in a sUte 
of minute division, as it is in butter. In the first instance 
quoted the butter completely dissolved about 2.7% of pure 



Fio. 166. — Volumes of the same weight of salt of various brands. 
(Bui. 74, Wk.) 


salt; and in the second instance it dissolved only al)out 2% 
during one hour. 

Condition of Salt when Added.—The condition of salt when 
added is a veiy important question to consider in order to get 
enough salt properly incorfmrated. Tlie amount of influence 
which the quality of the salt has upon flavor has recently been 
a subject of attractive interest, for mwiy of our best butter- 
iudges have made the charge that certain undesirable flavors 
in butter can be traced to the use of a poor quality of salt. 
This assumed effect upon the quality of the butter can only 
be remedied by stoppng the use of irnpug? salt. The chief 
undesirable and impure constituent present in salt is magnO' 
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sium chloride. It is known positively that the presence of this 
substance in salt, even to a small extent, imparts a bitter flavor 
to butter. Salt containing a large amount of this and other 
impurities also absorbs moisture from the air more readily 
than does pure salt. According * to analysis of the best dairy 
salt in use in Denmark, the composition is as follows: 


Pure salt 97.49 

Magnesium chloride 18 

Gypsum 05 

Sodium sulphate 21 

Water 2.07 


100.00 

The purest American dairy salt has the following compoa- 
tion: t 


Pure salt (NaCl) 99.18 

Magnesium chloride (MgCb) 05 

Gypsum (calcium sulphate, CaSOi) 54 

Calcium chloride (CaCl 2 ) 19 

Insoluble matter 03 

Moisture 01 


100.00 

In order to judge the quality of salt the butter-maker 
cannot rely on the chemical analysis for a detection of im- 
purities, but must judge the quality from its appearance, 
flavor, and odor. Good dairy salt does not have a dark-bluish, 
coarse, granulated appjearance, but a clean, white, silky look, 
and should dissolve quickly. Salt should be kept in a clean 
dry place free from odor. 


* BeggOd, Mftolkenbruget, Denmark, 
t Bui, No. 74, Wii., by F. W. WoO, 
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Gritty Butter.— ''Gritty butter’" is a familiar phrase used 
by expert butter-scorers to indicate that part of the salt is 
present in an undissolved condition. To mast consumers this 
condition of the salt in butter is objectionable. When pro{x»rly 
incorporated, salt should be present in the form of a solution 
in the butter. The gritty condition of the salt in butter may 
be due to (1) poor condition of the .salt l>efore it is added to 
the butter; (2) addir»g so much salt that it cannot be dis- 
solveil by the water in the butter. The nwiximuni amount 
of salt that butter will dissolve de|)ends upon the amount of 
moisture present. The maximum amount of moisture |M'r- 
rnksible in butter, as limited by law, is . The condition 
of the water in butter prevents the water from l)eing .saturaUnl 
with salt during the comparatively short time allowed for stilt 
to dissolve during the manufacture of butU'r. (3) Insufficient 
working. If the butt(*r is not worked enough to distribute 
the salt evenly, some portion of the butbT will contain more 
tlian the other portions. The |x)rtion that contains the exet^ss 
of stilt does not have enough moisture to di.ssolve the salt; 
while if the salt had been evenly distributed in the butt'r, all 
the salt would have beien properly di.ssolv(*d. When gritty 
butter is caiLsiul by insufficient working, it usually mottles. 

Mottled Butter.— Motthnl butter is butUT which is uneven 
in color. This unevenne.ss in color may Isi due to several 
different causes. It may Ix^ due to s|x*cks of curd (s[)(Mjkled 
butter), and it may be due to certain organisuts (dappled 
butter). These causes of mottled butter are not very com- 
mon in factories where the manufacture of butter is projierly 
carried on. 

The most common fault of mottled butter is the improper 
incorporation of salt and the presence of an excessive amount 
of buttermilk. Mottled butter caused* in this way is com- 
mon. It would be of much commercial importance if it were 
possible to prevent its occurrence. In case all the water 
had been . saturated with salt, and there is still undissolved 
salt left, then the granular or undissolved *8alt will cause no 
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mottles. The most important thing to observe in order to 
prevent mottles is: (1) to have the buttermilk well washed 
out; (2) to have the salt thoroughly dissolved; and (3) to 
have the brine prop(;rly distributed. 

Recent work by Drs. Van Slyke and Hart show that if the 
proteids are thoroughly washed from the butter, mottles cannot 
be produced, no matter how unevenly the salt is distributed. 
Completes removal of the buttermilk by washing is one of the 
essentials in order to prevent mottles in butter. 

The mottles caused by improper incorporation of salt assume 
two different forms, viz., mottles proper, and wavy butter. 
As has been mentioned l)efore, the mottles result from un- 
dissolved salt. Whenever there is undissolved granular salt 
present, the moisture is attracted and the color deepened at 
that particular jdace. In case the water has already been 
saturatcnl witli salt, there is no danger of mottles, no matter 
how much gritty salt i^ pres(*nt. 

Wavy butter is caused by an uneven distribution of the 
brine. If a little salt is add(‘d to the butter and dissolved 
without working the butter sulliciently, the salt will go into 
solution in certain [K>rtions of t!ie water. This water contain- 
ing the greatest amount of salt will produce a high color in 
certain portions of llu^ butter, while the portion containing 
water with l(*ss sjilt will hav(i a lighter color, thus causing 
streaks in the butter. 

In case butt(T has Ix^come mottled on standing, the mottles 
can ho entirely eradicated by reworking the butter. Though 
some of the moisture is lost during this reworking process, 
it is usually advisable to rework the butter rather than to 
place it on the market in a badly mottled condition. The 
mottles should, however, l)e prevented rather than cured. 
This can be done by lufficient w^orking while the butter is in 
proper condition, and at the proper time. 

Brine-taltiiig.— Brine-salting is not as a rule practiced in 
creameries. It is too exiDensive a method of salting, and also 
too laborious. By salting butter with brine it is hardly possible 
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to get in salt enough to suit the American butter markets, 
2% being about the maximum amount of salt that can l>e 
incorporated by the brine niethod. 

In some instances, brine-salting has l)een recommended. If 
a light mild taste is desired, the brine metluKi may give good 
rc.sults. The greatest advantages of brinc'-salting are that 
mottles in butter are practically avoided, and that the over- 
run is usually increased a trifle. E'li^ecially is this so if the 
temperature of the brine is medium high vvIk'ii adtled to the 
butter. In order to get enough salt into the butter by 
the brine method, it is neces.siiry to churn it considerably in 
the brine and to use two sets of brine. When brine is first 
added the butter already contains consid(‘rable water. This 
water practically has to Ik* n*placed by brine*. This is diflicult 
to do, esfK‘cialIy if the butter has lieen overchurned a trifle. 

By churning the butter in tlu* first s(‘t of brine, the brine 
will soon lx*come diluted to such an ext(*nt that it will impart 
but little saltiness to the butter. For this n’ason this first 
s('t of brine should Ikj removed and another one added. "I hen 
churn again in this brine. This last s(’t of brine will have 
very little curd in it, and can Ik* saved until tlu* following day 
and then used as the first s(*t of brim*. This first se*t of brine 
may be u.sed each day for soaking tubs. 

It is e.s.sential to leave the brine on the butte*r for from five 
to fiftCHin minutes. Churning exce*.ssively in the l^rine, (isjx*- 
cially if butter is medium soft, will cause* t(M> much water to 
be incorporated in the butte?r. After the butter has been ex- 
posed to the second set of brine the proper length of time, it 
should Ik* drawn ofT and the butter worked in the u.sual manner. 
Less working is usually given to butter which has been salted 
by the brine method. It should Ixj worked enough to dis- 
tribute the brine evenly in the butter, and to bring the butter 
into a compact form. If the butter salted by the brine method 
is not w'orked sufficiently, it will after standing become streaky 
in color. , 
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Working of Butter. 

Objects. — The objects of working butter are: 

(1) To distribute the salt and brine evenly in the butter. 
The number of revolutions in the churn necessary to accom- 
plish this will vary somewhat according to the conditions of 
the butter, and according to the kind of butter-workers em- 
ployed. If the butter Is of medium firmness, about 12 revolu- 
tions in the Victor Combined Churn will usually distribute the 
salt properly, providing the workihg is well distributed over the 
working period. It used to be, and is still, the practice in 
creameries to add the salt while the butter is in a hard granular 
condition, and then rotate the chum several times in slow gear 
without putting the workers in gear. This is done in order 
to mix the salt thoroughly without working. Then it is allowed 
to stand for five or ten minutes, then worked about four revolu- 
tions and allowed to stand a little while again, then the working 
is complct(Hl by allowing the churn to revolve four or five times 
more, or as many as is deemed necessary to bring the butter mto 
proper condition. 

It has, however, been demonstrated that it is not advisable 
to add the salt while the butter is in this hard granular form. 
The butter sliould be united into larger irregular granules before 
the salt is added. If the salt is added to the butter in a more 
or less gatlicred condition, then the workers should be put in 
gear at once, for otherwse the salt will be scattered on the 
inside of the churn. Butter can Ik* worked three or four revolu- 
tions and then allowed to stand until the salt is almost dissolved, 
at which time the working can be completed by revolving 
the churn four or five revolutions more. Some prefer to work 
a little more than teil revolutions in order to be sure that the 
salt has been evenly distributed. 

If the Disbrow churn is being used, it is necessary to woik 
ttie butter a greater number of revolutions than that recom- 
mended when the Victor churn is used. In the Victor chum 
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tiie butter is xirtually worked twice at ev-ery revolution, while 
in the Disbrow chum the butter Ls only worked once for about 
three-quarters of a revolution. From sixteen to twenty revolu- 
tions of the Disbrow churn usmdly mixes tlie sidt with the butter 
properly. It is impos.sible to sUite exactly the niunlxT of revo- 
lutions butter should be worked, as it varies according to differ 
ent conditions. 

(2) Working the butter is done in order to bring it into a 
com{)act form. A\ hen butter is soft it usually gathers, but 
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if it is present in the firm granular condition, which condition 
results from churning thin cream and washing the butter in 
cold water, it is more or less difficult to the little granules 
tc^ther. More working is necessary when the butter is in 
such a condition. 

(3) The working of butter is also done in order to express 
an excessive amount of buttermilk or water. * By adding salt 
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and then working tlie butter, the excess of buttermilk is lai^Iy 
eliminated. Especially is this .so when the butter is in a medium 
firm condition. Working is also (j.Tectiv'o in removing water 
from the butter. 

In the manufacture of process butter, excessive working 
while the butter is in a firm condition Is now resorted to. 
Before the national law, wliich limits the moisture content of 
butter to 16 %, went into effect, process butter usually con- 
taineJ more than 16 % water; but now the moisture-content 
of this kind of butter is largely controlled by working it in the 
absence of water wliile it is in a firm condition. 



CHAPTER XVHL 

PACKING AND MAIUCKTING BUTTER, 

Kind of Package to Use. — For creamery piir|K)ses the 60- 
poiind ash tubs arc' customarily used. The [)acka^t‘, of course, 
varies according to different markets. In cjiso that butter Ls 
made on a small scale, such .‘is on the farm, i‘arthen crocks give 
g(X)d satisfaction. There is no other package that givt^ so 
g(xxl results iis the earthen jars, when vi(!wed from a statid- 
point of good keeping (|uality of the butter, Tlur objec- 
tion to earthen jars or crocks is that th(*y ari‘ h ‘avy and (*ari)y 
broken during transportation. It is un doubtedly on this 
aecount tliat earthenware is not ased more for the packing of 
butter. 

Th(‘re arc two kinds of tubs chiefly us<‘(l in cr(*ameries, viz., 
the ash tub, and tiie spruce* tubs. Th(‘se tubs are made in 
different sizes, 10-lb., 20-lb., 30-lb., and OO-lb. The GO-lb. 
ash tub is u-?ed nearly altogether in creameries that pack butter 
on a large scale. When smaller amounts of butter are being 
packed, usually the smaller spruce tubs are employed. Scpiare 
boxes are used also to some extent. They arc used more in 
some of the liistern States, but very little in the West and 
Central West. 

Huripg the fall and winter when the milk-supply is rather 
low, m|my creameries print all the butte^r. Most of the cora- 
mksion firms will pay about a cent more per pound for butter 
when it is put up in pound prints and wrapped neatly in parch- 
ment paper. The wrapi)er should l>ear the name of the manu- 
facturer or the name of the creamery. If ^le quality of the 
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butter is good, it will take but a short time for the consumers 
to become familiar with that particular brand. It. is essential, 
however, to consider the cost of printing the butter anti the 
losses in printing. Some little waste of butter accompanies 
the printing process. Besides this, if the butter is finn, as it 
usually is in order to have the prints assume the proper shaix*, 
there is a loss of some moisture. 

Preparation of Tubs. — If tubs arc stored in a damp room, 
they are likely to mould in a short time. Occasionally tubs 
are in a mouldy condition wlien they come from the factory 
or creamery supply-house. The mould tluit forms on the inside 
of the tub when standing in a damp place* is very cons})icuoiis. 
In many instances the tubs are also cracked. This is due 
chiefly to the tubs becoming dry, and in some instances is due 
to the use of im|)erfect material in the manufacture of the tub. 
Butter-tubs should not be made from damp, unseasoned, and 
partly decayed wood, as they are likely to impart to the butt<*r 
more of the woody odors than do those made from sound, 
well-matured wood. 

In order to kill all the moulds which may be present in the 
tub, and to close the cracks, so as t-o make the tub practically 
air-tight, it is essential that the tub should undergo some process 
of i)reparation before the butter is packcnl into it. There is a 
single sul>stance which will destroy the germs, moulds, and also 
close smaller openings in the tubs, viz., a saturated solution of 
brine. As a rule tins gives good results. The day previoas to 
the packing of the butter, the tul>s should be filled with satu- 
rated brine, and allowed to stand and .soak until the following 
day. The paper-linings and circles should also be soaked in 
the same brine before they are used. It is a good plan to have 
the brine lukew’arm, although cold brine will answer the pur- 
pose. Just previous to using, pour out the brine, w^ish the tubs 
thoroughly, then scald them, by putting them into scalding- 
hot water or over a steam-jet. Cool off the tubs by filling them 
with cold water; when cooled, pour out the water, line them, 
and they are ready for use. The covers sbould be on while they 
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are soaking. pjevente the tubs from warping and getting 
out of shape. 

By soaking the tubs in brine and scalding as above, if 
thoroughly done, there is Dttle danger of getting moulds in 
the butter. Some recommend the soaking of the tubs in brine 
only, without scalding; others recommend the scalding without 
soaking in brine. The chief difficulty with scalding the tubs 



Fio. 168.— -Elgin style butter- Fio. 159.— Bradley 

tub. butter-boxes. 


without soaking is that when wooden tubs are exposed to such 
sudden heat they usually w'arp. The hoops are also likely to 
burst, and if tliis method is employed alone, many of the tubs 
will be rendered valueless otiing to the bursting of the hoops. 
If the tub is gradually soaked in brine first, he^it may be applied 
aftem^ards with little or no injury to the tub. Owing to the 
many complaints of mouldy butter, especially during the 
summer, several <jther methods of preparing tubs have been 
reconunended. In following out the above method many makers 
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omit to use concentrated brine. If the brine is weak, then, of 
course, it \rill have little or no effect u{K)n t1je moulds; but 
if the brine is saturated, the wood will l)ecom(» saturateil with 
brine and prevent the growth of mould during the trans* 
portation of the butter. Moulds asiially start to grow on the 
inside of the tub, next to the butb’r. 

Some of the other methods recomnumded for the prei)ara- 
tion of tubs are: (1) Paraffining. This is accomplished by 
melting the paraffin, then using a soft brush with which to 
sfiread the licjuid paraffin all over the insidi' of the tub. After 
the li<|uid paraffin has l)e(‘n applied and cooh'd, it will solidify, 
and a tliin layer of paraffin will cover the inside of the tub. 
(2) The sc'c.ond method is to soak the tubs in brine co:ibiini:ig 
from 2'"; to 3' ,' of formalin (MY'l formaldehyde silution); 
alMiut three ounc(‘s of formalin to each gallon of brine ii alnmt 
th(‘ proper proportion. 

S|)ecial elTorts should b(‘ made hiwards having th(‘ package 
'il)|>ear as n:*at as possible. Tluw should Ik* derm, and tin? cover 
should fit w(‘ll. After the tub luus Ikkmi washed, lined, ami 
otherwise prepared, it shouhl be w(‘igh(‘d, and tlu* W(*ig’it of the 
tub marked on tlie outside. 

Packing of Butter.-— The packing of butt<*r shouhl lie con- 
ducted under as favorable conditions as possibh*. Before mak- 
ing use of the butter-ladles th(‘y should l)e scahled and tlien 
cooled off in cold water. This prevents the butter from sticking 
to them, and also cleanses them from dust [ind germs which 
may have lodged on them. W hen the butt(*r is being transferred 
from the churn into the tub, it .should l)e firmly packed. That 
Ls, there should Ik* no holes near the l>ottom and sidc^s of the 
butter in the tub. When the butter arrives on the market 
it is sometimes turned out of tfie tub (stripiK*d). If it has 
not been finnly packet!, the butter will be filled with holes 
on the sides and show an unattractive appearance. Besides 
tliis, if there are any holes in the butter, the moisture and air 
will gather there. This gathered brine at time causes a change 
in color on the surface of the butter to which the brine wa« 
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exposed. The tubs should be well filled. Any open spaces 
left in the butter ]jerinlt the circulation of air, and the butter 
is more likely to absorb the woody odors from the tub. 



Fi(J. 160 — The Eureka hand 
butter-printer. 



Fio. 1()1. — Hutter cartons. 



In the preparation of the tub:, iu;niy of tht'so woody o<iors 
arc eliminaU^d, but it is iinpo.*;;i!);:> to remove all of tlKuii. The 
heat when applied to tlie tub opem up the- pores of the wood 
and causes the volatile wisnly odors to pass off with the escaping 
steam. When the wockI Ls removed from the influence of the 
Steam, the imres again chwe, or contract, and in that way most 
of the H’ootly odors are removeti, at least from the inner surface 
of the tub. The remaining wooily o<lors should not lx* allowed 
to circulate inwardly through the butter by allowing empty 
spaces inside the tub. The top surface of the butter can 
be made U) apiicar smooth and full by filling the tub a little 
more than full of butter, and then cutting the excessive amount 
of butter off with p string. The extra butter can then be rolled 
off, and tlie top appear perfectly smooth and full. 
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The surface of the tubs shoukl be neatly finished by pleating 
the lining of the tub over onU) the^top of the butter. The 
lining should not Ik* allowed b> lap (»ver finy ino(re than alx)ut 
an inch. A cloth circle should then Ik* neatly put on. A 



Fio. 102. — Tub-fasteners^ common tins. 


handful of salt .sprinkled on the top of this eirch* is advi.sttble. 
A little water may 1m* sprinkled on to eau-si* (he salt to lM*eome 
wet. Some butter-makers prehT an additional pa|>eV circle 
on top of the salt again. 



Fig. lO.'l. — Tub-fasteners; tin and tack combined. 


Packing Butter for Exhibition Purposes.— Tn ctuse butter ifl 
to be o]M*ned and scored sev(*ral times, it is ativisable to use pji|)er 
circ*l(‘s instead of cloth circles. Cloth circlets give a much lK*ttcr 
appearance when the tubs are not to l>e o{x*ned often, but they 



Fio. lf>4.— Tub-fasteners; riveted. 


are difficult to reatljiist after they luive In'cn taken out of pod 
lion, while the pajK*r circle can Ik* faken off and replaced aa 
often as d(*sired. Thi.s aj)plies especially to butter entered 
for scoring contests, when* the k(H*ping (piality of butter lias 
to be tested also. Twenty-jK>und jish tulw are generally used 
lor exhibition purix)ses. Ash tubs takc*a little better finish 
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than do spruce tubs. Sandpapering the tubs on the outside 
gives a nice appearance. A fine* appearing tub may count con- 
siderably when the final decision is rendered. In order to keep 
the tub in a clean and good condition during transit special 
precautions should be taken by the sender. A good way of 
preparing a tub Is to tack the address on the cover, wrap the 
tub well in pajjcr, and fasten the paper by wrapping a string 
around the tub a few times. Drive no more nails in the tub 
than is necessary. Thr(»e tins are sufficient to fiisten the 
cover to the tub. The tin fasteners should be placed equal 
distances apart. After t!ie paper has been wrapped around 



Fio. 1( 5.— The Lutayette lever butter-printer. 


the tub the whole should be buiiapp(‘d. Tlu'se burlaps can 
be obtained with the tiilx^^ from any of the cr(‘.amery suj)ply- 
houscs. The tub should then l)e laUded, and it is ready for 
8hi|>ment. 

Another good way of preparing a tub for shipment is to 
pack the 2()-pourid tub into a 60-pound tub. Fill the space 
between the small and the large tub with paj^r. This is con- 
sidered by many to be the tet method of siiipping butter for 
contests, as the paper, packed in on the sides of the tub, pre- 
vents the heat from penetrating. In cold weather it also pre- 
vents the butter from freezing, at least in a measure. 

Storing Butter in Creameries,— The temperature of the 
room in which the butter is being stored should be as low 
as conditions will permit. A temperature of 50° P. or below 
is favorable to th^ keeping quality of the butter. Usually the 
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butter is kept at the creamery for from lialf a week to a whole 
week. It is advisable to ship as often as m considered con- 
sistent with the amounts of butter handled. The refrigerator 
in which the butter is kept at the creamery sliould 1 h' kept 
as pure and dry as jwssible. Damp j)lac(‘s are always con- 
ducive to the growth of germs, es}X‘cially moulds. Vegt'lablcs 
or foods of other kinds should not be allowwl in the rtdrigenitor 



Fio. 166. — ^The engine-room of Littleton C’rDamery Co. {('reamery Journal.) 


with the butter, as they are likely to impart forc^ign flavors to 
the butter. Mechanical refrigeration and ccxding with ice are 
the best cooling facilities. In cast? it should hapfx?n that it is 
impossible to obtain ice, water can lx* ufilized for tliis purpose. 
The water used in the creamery can be mmie to run through 
a galvanized-iron tank. This tank Is projxirly placed in the 
butter storing-room, or refrigerator, so as to allow as much 
coolinjg-eurface in the butter-rocxn as possible. This method 
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will not cool the room as pffectively as ice, but in the absence 
of ice this is better than no cooling at all. 

Cost of Producing One Pound of Butter.— The cost of pro- 
ducing a pound of butter varira at different creameries. Up 
to a certain limit, thj more butter that is being produced at 



Fig. 167. — Crow-section of ft sewage-disposal tank. (Wallace’s Farmer.) 


one place the less will l)e the cost of production, that is, pro- 
viding the creameries are otherwise equally well managed. 
The Iowa State Dairy Commissioner has investigated this 
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Fig. 168. — Septic tank for creamery sewage disposal. (By Prof. J. Michels.) 
Tlie tank sliould l)e located in the ground with the top within a foot or 
two of the surface. It may lie constructed of planks. Brick, stone, or 
concrete is preferable for durability. The tank should be built air- 
tiglit except in two places, 1) and K. 

question and finds that the cost of production varies from 
1.2 cents to 6 cents peikix)und. According to the reports sub- 
mitted to the office of the State Djiiry Commissioner, the 
higfiest cost of production comes from a co-operative creamery 
that makes a little less than 30,000 pounds of butter per yw. 
The lowest cost of« production is submitted by a co-operative 
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creamery making nearly half a million pounds of butter from 
whole milk exclusively. The approximate average cost of mak- 
ing butter for the whole State of Iowa in the whole-milk cream- 
eries is about 2} cents per pound. As the creameries produce 
on an average about 150,000 pounds of butter per year, the 
running expenses of the average creamer v are approximately 
$2350.00 per year. 

Tlie following table will .‘^liow the variation in cost of pro 
duction jKjr pound of butU'r: 


Oam. 

C>eam«ry Owt of Manufucturing a P<>un<l of Uutter. 

N<.. 1 

Ileporteil 

e«n tn 

' 

(’rcaineries making no more tlmn 5),(KK) lbs. of 
butter 

44 

3.14 

2 

(Vearneries making iKitwecm 5;), (KM) and 100, 0(M) 
lbs. of butter 

98 

2.36 

3 

Creameries making Ijetween IfKl.tKK) and 150,000 
llw. of butter 

5 ► 

1 99 

4 

(’reameries making Iwtween 150,0(K) and 200,000 
lbs. of butter 

28 

1.78 

5 

(^reameries making between 200,(KK) and 300,(XK) 
lbs. of butter 

27 

1.71 


Average for the State 

•:53 

2.28 


Average for ciawH's 2 and 3 

1 

J5t 

2 . 22 
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COMPOSITION OF PUTTER. 

Butter is composed of fat, water, proteids, rnilk-siif^, 
ash, and salt. Tlie milk-sugar and a.sh arc pn‘sont in butter 
only to a very small extcad. In the analysis of butUT the 
milk-sugar is usually included with the proteids (curd), and 
the ash is reckoned in with the salt. 

Storch gives the following average composition of butter: 


Fat 

Wntrf*r 

From 

Fresli (’roam. 

cs:t7:> 

13.03 

From 

Ri|)em*cl ('roam. 

S2.97 

13.78 

Proteids (curd) 

61 

.84 

Milk-sugar 

3r) 

.39 

Ash 

14 

.16 

Salt 

2.(K) 

1.86 


The averag"' co:n])nsitif)n of butbT a-? d ‘t(‘r mined from the 
analvsis of 221 samphs, n*[)r»‘-5c;iting 5.") different creameries 
in different parts of the State (»f Iowa, is as follows: 

Pat 

Water 12.73 

Curd ^ 

Salt and ash ^ 

Eftect of Composition of Buttf.r I ro\ Qfality. 

The quality of cream or milk from which the butter has been 
produced and the methods employed in the manufacture have 

more effect upon the quality of butter than 4ias the composi- 
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tion. A small variation in the components of butter affects 
the quality very little, provided the butter has been properly 
made, and the compcments pro|>erly incorporated. In the 
same cn‘amery the com}K)sition of butter varies according to 
the season of the year, from day to day, and even from one 
churning to another. According to the present methods of 
manufacture, wat(*r, salt, and fat are the comjwnents most 
likely to vary. Casein vari{\s very little. 

Curd and Sugar. — Occasionally the curd content may go as 
high as 4%. It rar(;ly exceeds 2%, and seldom falls below .5 
of 1%. A high ciird-contcmt will show itself in the butter in 
the form of a milky })rine, or in the form of white si)ecks. If 
there is le.ss than 2% o." curd present in the l)Utt(*r, the brine 
shows no noticeable milkine}^., Mon^ than that much curd 
can, as a rule*, 1 m‘ detected from the color of tlu' brine. 

If the casein or the curd has be(‘n incorporated in the form 
of small lumi)s (»r s{K*cks, tlani abnormal amounts of curd 
ap|)ear. When the sample of buthT is taken for analysis, such 
a s|K^ck of curd pr('s<‘nt in the sani})le raises the final curd-con- 
tent to a comj)arativ(‘ly high figure. 

As has Ik'cu mention(*d iK'fore, the curd and milk-sugar are 
incor[)orated from the buttermilk into the butter during the 
churning. In manufacturing butter for storage, the.se sub- 
stances should Ih‘ excluded from the butter as thoroughly as 
possible. The milk-sugar and albuminoids constitute the chief 
food for bacb*rial growth. As tht‘ deterioration of butter has 
been demonstraU*d to Ik? due chiefly to tlie action of organisnus, 
it becomes essential to restrain their growth as much as fx)ssible 
by excluding food necessary for their growth. 

Salt.— In the chapter discu.ssing the salting of butter, it was 
mentioned that a small incretise or decrease in the salt-content 
of butter can Im? recognized by most consumers, while the same 
variation in the other constituents ainnot lie noticed so easily. 
The average salt-content of butter Ls aliout 2^{ . As the amount 
of salt properly dissolved in butter dejiends upon the amount 
of water present, the first important step in controlling the salt 
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content Is to have n^asonable control of the water-content of 
the butter. If there is no mon* than of water present in 
the butter, it Is desirable to have its much salt in as the witer 
will dissolve within the time usually allottcil for that purjKwe. 
This much salt suits most of the 
American butter markets. i'he 
authors have analyzed conunercial 
butter containing more than ^^ait. 

The major jK^rtion of this wjis j>rf^er»t 
in an undissolved condition. Such 
butter is calh'd gritty, and is ol>- 
jech‘<l to l)y most consum(‘rs. 

Salt acts as a pr(s(*rvative and 
adds flavor to the butter. provjiiitMl 
it is in good conditi(»n. It is said 
that the addition of salt has some 
effects upon the IhmIv of the* buttfT. 

Hichmond a.sserts that salty butter 
loses more water on standing than 
un.salt<‘d l)utt<‘r. This is undoul>t- 
edly due to the leaky condition which is brought aUuit when 
Sfilt is adthvi to butter while in a granular condition. Salt 
attracts moisture. Tusalted butter would not Ik^ exjK)S(*d to 
this influence* of the salt. When k(‘pt un.HalU*<i, butter usually 
beconu^? chei*sy in flavor in a short time, while wilttnl butter 
assum(*s entirely diff(*r*nt charact(*ristics. 

Water. --Th(? moistur(‘-content of butt<‘r may vary iK'tw’cen 
G% and 10^; . kmiuently butter is found that contains more 
than 1G^ (', but this amount is in violation of the law. Butter 
may contain a.s much as of wat<*r, if f»ro|)erly incorporated, 
without aff(*oting its apparent commercial (jiuility. Water is 
pitisent in a greater pro|X)rti()n than any other non-fat con- 
stituent. Its variati(»n Is also greatt»r than that of any other 
constituent. . The fat will, of course, vary with the water. 
The more water then* Is present in the butter, ^the leas fat there 
will be, and the less water, tlie more fat. As butter is bought 
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with the understanding that it is rich in fat, much objection has 
been raised to butter containing an abnormal amount of water. 
This objection by consumers is, of course, a just one. The 
pralucers desire to incorporate as much water as is consistent 
with g(K)d (luality. Butter containing a high moisture con- 
tent, more than 18%, will apjxjar dead and dull. It is sticky, 
and when sampled with a trier it is next to impossible to draw a 
full trier of butter. It shrivels and rolls on both sides of the trier* 

Moisture affects butter in two principal ways, according to 
the way in which is is incorporated: (1) By causing leaky 
butter, and (2) by making the butter appear dull. 

1. Tliis leaky condition in commercial butter is very cfjmmon. 
It has been a common opinion among b utter- judge^s that when- 
ever water apjx'ars in large drops on the butter, and some- 
what slushy when sampled, the butter contains too much 
moisture. This, however, is not always the case, as butter will 
not as a rule hold an excessive amount of moisture in that form. 
Even if this leaky butkT does not contain an excess of moisture, 
it is a very urnhsirable condition, as most consumers object 
to this apparent slushiness. As luis been stated before, this 
leaky condition Is brought al)out chiefly by churning the butter 
to small granuk^s, washing the butter very little in cold water, 
salting liwvvily, while butU^ granules are still small and firm, 
and working the butter fretiuently in the presence of brine. 
When moisture is pro|)erly incorjwrateil in butter, it should 
be pnisent in exceedingly minute drof)s. In a fine state of 
division it will not esca|X^ from the butter. 

This leaky condition of moisture in butter may give a wrong 
impression to consumers alx)Ut its moisture- content. Major 
Alvord, Chief of Dairy Division of U. S. Department of Agri- 
culture, reports that a great many buyers on the English market 
have tlie opinion that American butter contains an excess of 
moisture. This conclusion evidently has been reached on 
account of the ^I'atcr in American butter often appearing in 
this leaky condition, as described above. In reality it is low 
in its moisture-content. 
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2* The dull and dry appearing condition of butter may be 
due (1) to the presence of an excess of moisture properly incor- 
porated ; (2) to the treatment the butter receives during maniH 
facture. When the dull and dry appearance is due to moisture, 
the water has been incorjwrateil during the churning, or during 
the washing process, through excessive churning or working 
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in the buttermilk or wasli-waUT at a high temperature. The 
dullness may also be brought almut by overworking the butter. 
If the butU^r lias lieen overworked, as a rule, it contains little 
moisture, though its apjx*arance may be like that of butter 
containing an excess. 

The conditions which affect the moisture-content of butter 
during its manufacture are: 

(1) Temperature of cream and of wash- water. The higher 
the temperature of these two sul>stances, the more water will 
be incorjx)rated in the butter. When the temperature is too 
high, the body of the butter is injured materially. The keeping 
quality of the butter is also injured by having the temperature 
of the cream Ux) high. The buttermilk constituents are incor 
porated with the butter and cause it to deteriorate rapidly. 

(2) The amount of churning in buttermilk and wash-water. 
The more the butter is being churned or worked in tlie presence 
of moisture, the more water the butter will contain. When the 
tanperature of buttermilk and wash-water is low, a small 
amount of churning affects the moisture-content very little, 
while if the temperature is high, great care should be taken 
not to overchum. 

(3) Per cent of fat in cream. The thicker the cream the 
more inoisture there will be present in the butter. In order to 
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churn thick^ cream, a higher temperature is necessary. It is 
difficult to stop the churn without overchurning a trifle. * These 
two conditions, thick cream and high temperature, are both 
conducive to a higher moisture- content. 

(4). Amount of work the butter recei^fe. If the butter is 
in a moderately firm condition, the more the butter is worked, 
in the absence of water, the less moisture it will contain. If 
the moisture is present in a leaky form as mentioned above, it 
is cxi)elled to a great extent by working. But if the moisture 
is properly incorporated and the butter i§,j^pt too firm, work- 
ing has little effect upon changing the moisture-content of the 
butter, providing there is no water present in the^chum. 

Several other factors, such as pasteurization of cream, full- 
ness of churn, and character of fat in cream, all have a small 
influence in governing the moisture-content of butter, but in 
this summary it is sufficient to say that temperature, degree 
of churning, and thickness of cream are the only conditions 
which materially influence the moisture- content. If churning 
is carried on to an excess, whether it be in the buttermilk or 
in the wash-water, all other factors are subordinate and have 
little or no influence in regulating the moisture-content of 
butter. Low temperature is the chief factor that delays in- 
corporation of moisture in excessive churning. 

Fat.— The English, the German, and the United States 
goveniments have emieavored to protect consumers in regard 
to the amount of nutriment in butter, by recommending 16% 
of water as a maximum limit. Such a ruling has worked suc- 
cessfully now for several years. Efforts have recently been 
made in the United States to base by law the nutritive quality 
of butter upon a certain minimum percentage of fat. The 
minimum amount of fat recommended by the appointed com- 
mittee of chemists is 82i%. A minimum standard of 82^% 
of fat in butter would be unintentionally violated, while a basis 
of 80% fat in butter would be more consistent with the quality 
of butter as manufactured. 



CHAPTER XX. 

JUDCniG AND GIIADING BITTER, 



Butter niay be judgeni from a commercial anti from an 
individual standpoint. Iiulindual judgments of the same 
butter may vary considenibly. It Is im|H>rlanl that the jutlge 
should become familiar with the qimlity of butter as n'quiretl 
by our standard marketit, ami then judge the butter according 
to the demands of the nuuss of the con.sumers, mther than 
according toqx^rsonal likes and dislikes. In order to Ix^^ome 
a good butter-judge, it is essential that the senst's of taste and 
smell l)e acute. Even if one’s taste and smell are kwn and m'nsi- 
tive, considerable practice or ex|)(»rience is necessiiry. Almost 
any one can tell a gcKxl sample of butter from a very |K)or one, 
but wiien it comes U) differentiate In'twi^en two sampl(« which 
are nearly alike in quality, skill and (»x|XTience art* nsjuired. 

The chief thing in scoring buttcT Is to iK^come thoroughly 
familiar with the ideal flavor of butter; then by n'peaUHl 
comparisons of different sampl(»s of butter to this on(? ideal 
flavor, one will soon iK'coine efficient in grading the butter. 

Standard for Judging. — In America the distinct qualities 
which are noticed in butter are designaUxl according tci the 
basis of points given Ixdow. It will lx‘ noticed that different 
values are given to the different characteristics, luicording to 
their relative importance. The score-card given below is used 
commercially, and is based u|K)n 100 as perfect: 

SCORK-CARD. 

No 

Prrf«et . Brora. R«in«rlui. 


Flavor 4,5 

Body 26 

Cobr - 16 

Salt 10 ; ; ; 

Style 6 

Total 100 

Date. Scored by. a 
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At A recent conference of the Soci^t^ Nationale de Laiterie, 
held at Brussels, the following scale of points was suggested for 
butter (Creamery Journal) : 


Odor. 

Work. 


Consistoncy. 
TMte 


5 

Color 5 

Refiection 10 

Cleanliness 5 

Chemical analysis 10 

Firmness 13 

Spreading facility 12 

Interior structure 6 

Purity 5 

Taste and aroma 30 


100 


SCORS-CARD U81D BY W. S. MoORE & Co., CHICAGO. 


StencO 

Creamery 

Buttermaker. 


S 


Too high acid 

Sour 

Heated 

Weedy 

Tainted 

Bamy 

Poor sewerage, dirty cans, etc. 

Wintery 

Old milk 

Flat 

Light 

Summery 

Needs more acid 

Poor water or ice 

Fishy 

Cowy 


Fine, high, clean. . 
Score (nerfect 46). 


Weak 


Salvy 

Qreasy 

Oily 

TaOowy 

Chmy 

I/Mwebody r 

Too much water 

Not enough water 

Water not well incorporated. 
Mfiky 


Fine, waicy 

Seoie (Perfect 25) 


Date 


.1-3. 
. 1 -^. 
9 .. 
, 2-10 
2 ... 
. 2-10 
5-10 
. 2-10 
. 2 ... 
.1-3. 
.1-3. 
. 1-10 
.1-3. 


4-6..., 

1 - 2-10 


4.. 

.4.. 

4.. 

4.. 

4.. 

,4.. 

4-7 

4.. 

4.. 

4.. 



Pfeddng, Package, and Style | Salt I Color 
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W»vy 

Stmkad 

Mottled 4_6 

Too high 


Too light 

Not good tihade. 


Fine, even, light tilraw colored. 
Score ( Perfect 15) 


Too high G . . 

Too light f) . . 

Hat G 

Gritty 4-G 

Fishy 


Poor grade of salt. 
Irregular 


Fine, smooth 

Score (Perfect 10), 


Tope not neat 7 . . . . 

Too much salt on tops 7-8 

Tubs not full 7 

Stroke tops off level; do not l)evel 7 

Fold paper liners under cloth circles, not on top 

Not paper lined 

Liners poor grade 

Too much brine 7 -8 

Loosely packed 7-8 

Tuba dirty 7 

Tube muddy 9 

Tube soaked too much 7-8 

Tubs mouldy 7 

Dark<colored staves 7 

Not Elgin-style tubs 7 

Tubs flimsy 7 

Broken hoops and covers 7 

Tares too li^t; 11 lbs wanted 8 

Tares too hMvy; 11 lbs. wanted 8 

Hooks or poor tin fasteners 7 

t 

Fine, handsome 

Score (Perfect 6) 
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Manner of Judging, 

Body,-~After the trierful of butter has been drawn out, 
the first thing to notice is the aroma, and the body or texture 
of the butter. The butter on the outside should be examined 
at once before it is affected by the temperature of the room. 
Notice its color, whether it is even or uneven, low or high. 
Determine by the appearance of the butter and the way it feels 
to the palate whether it is greasy, tallowy, spongy, or sticky. 
The amount of brine and condition of brine should also be 
noted. These characteristics and their causes have been 
previously discussed. Stroke the plug of butter with a knife 
to observe the color closer. Squeeze it with the thumb to 
ascertain the character of the body. The aroma of the butter 
should also lx* noticed in connection with scoring the butter 
on body or tc^xturc, as it is more pronounced immediately after 
the trierful of butter has been drawm. 

Flavor.— It is impossible to describe all the different flavors 
found in butter. There are perhaps as many distinct butter 
flavors as there are shades of colors. However, there are a 
few flavors which stand out more prominent and are more 
commonly met with than any of the others. Good butter 
should possess a clean, mild, rich, creamy flavor, and should 
have a delicate, mild, pleasant aroma. Some butter judges, 
especially foreign judges, allow a separate number of points 
for aroma of butter in the score-card. This has been sug- 
gested in the United States also, owing to the fact that 
butter may have little aroma and still have a good flavor. 
Owing to this, it has been suggested that it would be better to 
allow a certain number of points separately for aroma in the 
score-card. 

Flat flavor is noticeable in butter made from unripened 
cream. If such butter is otherwise clean, little objection is 
made to this kind of butter for ordinary commercial purposes. 
The remedy is to ^pen the cream a little higher with a proper 
ferment. Rancid flavor is applied to butter which has an 
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•ndesirable, strong flavor. Rancid flavor is the most common 
defect developing in butter on staiuling. Other flavors develop- 
ing in butter are “ tuq^entine/’ “ fishy/* unclean/* “ feverish/* 
and “stale” flavors. In criticizing butU'r it is iK'tier to mark 
at once the specific fault, rather tlian state that the butter 
b rancid. Cheesy flavor is another clmmcteristic which is very 
common in butter. Thb clu*csy condition develo|>s chiefly 
in butter conbiining little or no salt. It is claimed to Ix^ due 
to the decomposition of the proteid mutter in the butter. 
^^ eedy flavors arc quite common in butler. They are due 
mostly to the condition of milk previous to the manufacture 
of the butter. The nunedy is to take the cows away from the 
pasture in which wwhIs of different kinds are growing, such as 
garlic, wild onions, etc. And flavor is another common defect 
found in butter. It is asually due to imj)roiH‘r ri|K>ning of 
cream. The term sour is used in its literal im'uning in dt‘scribing 
butter which in reality is sour, though not vitv sour to the 
taste; by the sens<^ of smell, however, the sourm^s is readily 
perceived. The usual caus(‘ of this sourness b an improfwr 
removal of the buttennilk liefore the buttiT is jiacked. The 
term sour is occasionally ased to dcisignate butter which haa 
been made from overrij)cned cream. Fnerink flavor b a 
comparatively new term. Its significance swms to be of 
inqxirtance. Thb flavor is very sickening. It is Ixjieved to 
be due to the cow’s sysUw Ixnng in an unhealthy condition. 
Thb flavor is imparted to the butUT when it is [iroduced from 
milk drawn from cows during sexual excitement. Diarrhiea 
of the cows b claimed to produce the wune effect. Stable 
flavors arc due to the iniproi)er and unclean conditions of the 
bam. Tlicy are most common during the winter, when cows 
are exposed to stable conditions. 

Color.—The color should lie bright a^d even. When a plug 
of butter b drawn with a trier and b held up to the light, it 
should not be cloudy and dense, but should be almost transparent 
and bright The chief fault found with the color of butter 
ii unevexmess. It may be streaky, mottled, or it may be too 
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high or too low. The shade of color will vary according 
to the different markets. The color preferred in our markets 
is chiefly a high straw color. There has been a tendency re- 
cently to recommend a comparatively high color in butter, in 
order to distinguish it from oleo margarine. A reddish color, 
however, should be guarded against, except when the market 
demands it. If too much color is added, butter will assume 
this hue, which is very undesirable. 

Salt.— The amount of salt likewise depends upon the market, 
and unless the salt-content is extremely high, or extremely 
low, butter should not be criticized on account of the amount 
of salt. The chief thing to consider in judging butter on its 
salt-content is the condition of the salt. Notice whether it 
has been thoroughly dissolved and evenly distributed. 

Style.— The style is the appearance of the butter and package* 
Whatever the shape of the package, the chief thing to consider 
is that it is clean and neatly finished, as described in the para- 
graph on Exhibition of Butter.'^ 


Classification and Grades of Butter. 

' The classification and grading of butter on the different 
markets vary very little. As tlie New York market is the 
great butter market in the United States, we quote the classi- 
fication and grades of butter as outlined by the New York Mer- 
cantile Exchange: 


"CLASSIFICATION. 

*•1. Butter shall be classified as Creamery, Process, Factory, 
Packing Stock, and Grease Butter. 

"Definitions. 

"2, Cratmcry .—Butter offered under this classification 
ahafi have been made in a creamery from cream ^parated at 
the creamery or gathered from farmers. 
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"3. Ppoccw.— Butter offered under this classificatioQ shall 
be such as is made by melting butter, clarifying the fat thefe* 
from and re-chuniing the same with fresh milk, creami or 
Bkim>milk, or other similar process. 

*‘4. Factory. —Butter offered under this classification shall 
be such as is collected in rolls, lumps, or in whole juickagcs and 
reworked by the dealer or 8hi[)|X‘r. 

*‘5. Pack'ng Stock.—Buttcr offered under this classification 
shall be original fann made butter in rolls, lumps or otherwise, 
without additional moisture or salt. 

“(). Grease Butter.—This shall comprise all classes of butter 
grading Ix'low thirds, or of packing stock grading below No. 3, 
as hereinafUT sjK’cifit^l, free from adulkration. 

“C.UADES. 

“7. Creamer>', process, and factoiy shall be graded as 
SjH'cials, l^xtnus, Firsts, Seconds, and Thirds; and Packing 
Stock shall be graded as No. 1, No. 2, and No. 3. 

Definition of Grades, 

‘‘8. Grades of butter must conform to the following re- 
quirements in addition to the rc<|uirements of score as here- 
inafter provided. 

“9. Specials. — Shall compri.He the highest grades of butter 
obtainable in the season when offenMl, under the various classi- 
fications. 90% shall conform to the following standunl; the 
balance shall not grade below Extras. 

“Ftoor.— Must be fine, sweet, clean, and fn*8h, if of cur- 
rent make, and fine, sweet and clean, if held. 

**Body. — Must be firm and uniform. 

^'Color,—k light straw shaile, even and uniform. 

Medium salted. 

"Package, — Sound, good, uniform, and clean. 

‘‘Specials may also comprise such lots of Extras as, owing 
to some particular and unusual qualification, are more der 
sirable than plain extras'' offered withoiyt any qualification. 
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*'10, Extras^hall be a grade just below Specials and must 
be fine butter for the season when made and offered, under 



Graphical niuatration of the approximate relative amount of each of the 
different grades of butter arriving on the New York market during the 
■ummer season. It also ^ows the required score for each of the dif- 
ferhnt gradea (From N. Y. Produce Review.) 

the various classificatiqns. 90% shall conform to the follow- 
ing standard; the balance shall not grade below Firsts. 

“Flown*.— Must be sweet, clean, and fresh if of current 
tbabl and sweet and clean, if held. 

Must be good and uniform. 
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** Color, — A light straw shade, even and uniform. 

Medium salted. 

** Package. — Sound, good, uniform, and clean. 

^41. Firsts. — Sliall lie a grade just Mow Extras and must 
be good butter for the season when inmle and offered, under 
the various classifications. 90% shall conform to the follow- 
ing standard ; the balance shall not grade Ixdow Seconds. 

** Flavor.— Must [ye good, sweet, and fresh if of current make 
and good and sweet, if held. 

Color. — Reasonably uniform, neither very high nor very 
light. 

Salt. — May be reasonably high, light or medium. 

Package. — G(xxl and uniform. 

*'12. Seconds. — Shall \ye a grade just Ix'low Firsts. 

Flavor. — Must be reasonably g(XKi. 

^*Body , — If Creamery, must be solid boring. If Factory or 
Process, must be 90% solid boring. 

“Co/or. — Fairly uniform, but may lx? mottled. 

"iSo/f.— 'May lx* high, medium, or light. 

" Package —Gooil 

“13. Thirds. — Shall be a grade below Seconds and may 
rx)n8ist of promiscuous ’ots. 

** Flavor. — May be off-flavored and strong on to[)s and 
sides. 

“Rody.— Not required to draw a full trier. 

“Co/or. — May be irregular or mottled. 

*‘Salt. — High, light, or irregular. 

Package, — ^Any kind of package mentioned at time of 

sale. 

“14. No. I Packing Stock.— Shall be sweet and sound, 
packed m large, new, or good uniform second hand barrels, 
having a wooden head in each end, oi*in new tubs, either to 
be parchment paper lined. Barrels and tubs to be packed full 

“ 15. No. 3 Picking Stock.— Shall be reasonably sweet and 
sound, and may be packed in promiscuous or different Ideas « 
bairds, tubs, or tierces, without being pardhment paper Ibedt*^ 
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und may be packed in either two-headed or cloth-covered 
barrels. ^ 

16. No, 3 Packing S'cck . — Shall be a grade below No. 2, 
and may be off-flavored, or strong; may be packed in any 
kind or kinds of packages. Charges for inspection shall be 
the same as the rules call for on other grades. 

“Scoring, as Affecting Grades of Creamery Butter, 

**17. In the inspection of creamery butter for grade, the 
point system of scoring shall be used on the following basis: 


Flavor, for perfection 45 points. 

‘‘Body, for perfection 25 points. 

Color, for perfection 25 points. 

“Salt , for perfection 10 points. 

“Style, for perfection 5 points. 

“Total, for perfection 100 points. 


18. The Butter Committee shall determine and prescribe 
from time to time a range of scores covering two consecutive 
full points, which shall be required for the grade of Extra 
Creanicry in addition to the other specific requirements men- 
tioned in Rule 10. The rciiuired scores for Extra Creamery 
shall be fixed With due consideration for the varying average 
quality of the creamery butter obtainable from season to 
season, and with a view of making this grade represent as 
nearly as may be a uniform quality relatively to the quality 
of the supply as a whole. The required range of scores so deter- 
mined upon shall remain in force until changed by the Butter 
Comnu^; such changes may be made at any time and shall 
becor^ ^#sctive on the day following authoritative announce- 
the caller’s desk and posting on the bulletins. All 
butter scoring higher than required for Extras, if 
the requirements mentioned in Rule 9, shall grade as 
Ommery Specials; all creamery butter scoring lower than 
iiquired for Extras, but not more than four points lower, 
•wit meet the reqiilrements mentioned in Rule 11, shall grade 
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as Creamery Firets^ all creamery butter scoring lower than 
Creamery Firsts, but not more than five [x>ints lower, if it 
meet the requirements mentioned in Rule l;>, sliall grade as 
Creamery Seconds; all creamer)- butler scoring lower than 
Creamery Seconds if it me(‘ts the re(]uirt*ments of Rule 13, 
shall grade as Creamer)- Thirds. 

‘‘19. The Butter Committei^ shall cause to lx* |K)«tcd in 
a conspicuous place uix)n the bulletins of the Kxcimngv, the 
range of scores re(]iiired for the various gratles of creamery 
butter currently in effect. 

“20. Lines of fifty tul)s or more of one straight mark and 
invoice of Extra Creamorv- butter shall l)e a gcKxl deliver)’ on a 
contract for Creamer)^ Sj)ecials, provided the guaranteed score 
of the butter is mentioned when tlu; gfKxls are offered for 
sale. 

**Knoiim Marh. 

“21. Known marks shall comprise such butter as is known 
to the trade under some particular mark or designation and 
must grade as Extras or Ix'ttcT if (Veainery or Procc’ss, and as 
Firsts or Ix’tter if Factory in the season when ofTenxl, unless 
othenvise specified. Kiujwn marks tf) Ik* offered under the 
call must previously have* lK*en r(‘gi.st(*r(*d in a lxx)k kept by 
the Su[)erintcndent for that pur|K)s(*. If Process, the factory 
district number and state must be regi.stenxi. 

Sales Under Oie Cali 

“22. Parties wishing to offer butter not described in the 
foregoing classifications and grafles, must gix*cify its character. 

“23. All butter offered under the Call shall be fresh made, 
current receipts, and shall be in regular GO-jwund ash tubs, 
unless otherwise .s{)ecificd. 

“24. No offer to buy or sell less than twenty-five tubs spot, 
nor less than fifty tul)s for future delivery, nor bids or offers 
of a less fraction than Jc. per pound shall entertained. 

“25. Bids and offerings of not less than fifty tubs for future 
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deliveiy may be made for a period of tea days. The call for 
futures shall take place immediately after the call for spot 
delivery, and seller this afternoon. On all sales for future 
delivery, a compulsory margin shall be deposited by each party 
to the contract as specified in Rule 2 of the Executive Com- 
mittee. 

“26. The first offer to buy or sell at a price shall be ac- 
cepted before subsequent offers at the same figure are con- 
sidered. 

“27. Offers may be withdrawn at any time before accept- 
ance. 

“28. Offers to sell at a lower, or buy at a higher, price shall 
vacate all previous bids and offerings. 

“29. A transaction shall vacate all previous bids and 
offerings. 

“30. All differences as to offers, acceptances, withdrawals, 
or irregular bids, shall be decided on the spot by the officer 
conducting the call, subject to an appeal to the members present. 

If an appeal is made, it shall be put promptly, and a majority 
of the members present and voting shall settle the difference 
finally. 

“31. The Superintendent shall have recorded daily, in a 
book kept for the purpose, all sales under the call, and such 
other sales on the floor as may be requested by the parties 
thereto, and shall furnish certificates of sales to both seller and 
buyer. 

“32. Spot sales shall be for spot cash, and butter sold for 
future delivery shall be paid for when delivered, unless other- 
wise agreed. 

“33. AM deliveries shall be from the store of the seller, 
provicMug it be in Manhattan Borough below Canal Street, 
otherw|W5 the goods must be placed within said limits. 

is«>^34. A& disputes must be settled while the goods are in 
the seller’s possession. 

I “35. When spot sales are made, butter must be ready 
lex iixanediate deUvery. 
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"36. All goods tendered, inspector's certificate attached, 
shall be accompanied by such certificate, and lx; accepted by 
the buyer unconditionally, provided all tubs are branded 
according to Rule 64. 

‘^37. If butter tendered has not been inspected and does 
not appear to the buyer to he of the chiss and grade sold, tlie 
seller shall be notified not later than I p.m. He may then 
have it inspected, and if it proves not to fulfill the nniuire- 
ments of the sale, he may make a .woiid d(‘liver>' not later 
than 3 p.m. 

“38. If a second tender is made and api)ears not of the 
class and grade sold, the buyer mu.st establish the ({uality by 
an official ins|)ection, for which he shall make application to 
the Superintendent not later than 4 p.m. of the day of the 
sale. 

“When an inspection is made and show.s the butter to he 
of the class and grade sold, the buyer shall ac(‘ept the same, 
and pay for the ins[H;etion. 

“39. In sales for ‘future deliver}^’ th(‘ ilelivery nH]uire- 
ments as to time, ins|M‘ction, etc., shall Ix' the sanu* as on the 
spot sales on the date of deliver)’, but the njles governing 
classification for grades in force at time of such sale shall 
govern the quality of such deliveries. 

“40. In sales ‘sellers option’ the seller shall notify the 
buyer of his intention to make delivery not lattT than 0 a.m. 
on the day of delivery. If ‘buyer’s option,’ the buyer shall 
notify the seller of his intention to call for delivery at least 
twenty-four hours before 10 a.m. of the day delivery is de- 
manded. 

“41. On sales of Creamery of twenty-five tubs, delivery 
may be of not more than two marks; on twenty-six to fifty 
tubs, three marks; on fifty-one to one* hundred tubs, marks 
WMitaining not less than twenty-five tubs each ; on larger lota, 
martes containing not less than fifty tube each. 

“42. On sales of Factory, or Process butter, delivery must 
be of one mark, unless otherwise specified. 
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“43. A carload shall consist o( 300 tubs of one nmk, ualess 

otherwise specified. 

^^44 In esse of failure to deliver a c&rloAdf settlenieiit shall 

be made on the basis of 300 tubs. 

An application to the Superintendent for an inspection 
of goods in controversy, if made within the time allowed for 
inspection, sliall be deemed a compliance with these rules in 
this respect. 

Penalties. 

**40. When an inspection of butter sold for spot delivery 
shows the goods not to be of the class and grade sold, the seller 
shall pay a penalty equal to 5% of the amount of the contract, 
an<J the fee for inspection. If the official quotation for the 
(iaj^ exceeds the contract price, the seller sliall also pay to the 
buyer in the same way the difference between the contract 
price, and the average official quotation. 

“47. If butter purchased for future delivery be not de- 
livered as i)er contract, the buyer shall promptly notify the 
Superintendent in writing. At the next regular meeting of 
the Exchange, an announcement of the same shall be made 
by the Superintendent, who shall buy in the goods for account 
of the seller, jirovided it can lie done under the call at current 
rates. If, however, the price demanded seems to him un- 
reasonable, he shall not make the purchase, but shall refer 
the matter to the Butter Committee, who shall determine the 
difference between the contract price and the actual market 
value on the date on which delivery should have been made, 
and this amount, together with a jmnalty equal to 5% of the 
amount of the contract, shall be paid by the seller. 

“48. If butter, sold for future delivery, be not received 
when properly tendered, the seller shall promptly notify the 
Superi^^ndent in writing. At the next regular meeting of 
the Exchange, an announcement of the same shall be made 
by the Superintendent, who shall sell out the goods, under 
t^ call, for accouilt of the buyer, and if the price obtained be 
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kas than the contract price, the difference, together with a 
penalty equal to 5% of the amount of the contract, shall be 
paid by the buyer. 

* “49. Penalties and differences shall be |»id to the Super- 
intendent of the Exchange, and by him j)aid to those entitled 
thereto. 

**50. Any member holding a contract against anothefi 
corresponding in rt‘spcct to class, grade, and quantity of goods, 
and date of delivery, with one held by the other a^inst him, 
may offset it against the latter by giving notice to the otlier 
party, when both contracts shall be surp.'nderod to the Su|>cr- 
intendent of the Exchange and cancel loti. 

‘*51. All notices shall l)e in writing, and shall lx? considered 
as properly served when left at the place of business of the 
party for whom tlicy are intcmled. * 

Certificate of Sale. 

**52. Certificates of sale must be accojitcd on contracts (or 
future delivery. 

“53. The party transferring a certificate of sale, shall tmme* 
diately notify the original stdler of the transfer, anti to whom 
made. He shall also have it recordt'tl on the Ixwks of the 
Exchange, and shall thereuix)n be relieved of all restx)nsibility 
attaching to the same. 

**54. In case the party to a contract for future delivery, for 
the fulfillment of which margin lias been de|> 08 ited with the 
Superintendent, shall die, make an assignment, lx? al)fx?nt from 
the city, or otherwise be disabled, or refuse to perform any act 
necessary for the proper adjustment or payment of such margjn, 
the matter shall be referred to the Finance Committee, as 
provided in Section 33, Paragraph 0, of*thc By*Law8. 

**C(mtracis, 

**55. The following shall be the form of contract (or aO 
filea of butter for future delivery: 



302 BVTTER^MAKim. 

Contract for Future Delivery. 

*^No. 

"This is to certify that the following sale and purchase 
has been made by the respective signers heretOf under and 
subject to the Rules of the New York Mercantile Exchange, 

this 

day of 190 

Seller 

Address 

Purchaser 

Address 

Quantity 

Grade 

S(i5ie 

Class 

Price 

Delivery 

Seller. 

Purchaser. 

"Original margins dc[)osited with me this day by each 

party hereto dollars. 

“ Superintendent. 

"New York, 190 

"Upon the reverse side of each contract, shall be printed 
the Rules governing such transactions. A proper book shall 
be kept by the Superintendent of the Exchange, entitled 
* Butter Contracts,’ in which shall be recorded all contracts as 
per foregoing form, duplicates of which shall be furnished to 
both sellers and purchasers, who shall personally sign the 
same at the time of depositing original margins. All contracts 
shall be signed, and original margins deposited not later than 
2 o’clock on the day foUowing the sale. 

"56, When further margins are called for, same shall be 
paid to, and receipted for, by endorsement upon the contract 
by the Superintendent of the Exchange. 

"67. All transfers of contracts for future deliveiy must be 
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endorsed on the original contra^, by the Superintendent of 
the Exchange, who shall promptly notify the other party in 
interest, of such transfer. 

^'58, The following fonn of transfer shall he used: 

^*‘For value received, the witliin described contract is 

assigned and transferrwl to 

who hereby agrew to assume the same, with all the conditions 
and obligations thereof. 

Dated, New York , 190 

Seller. 

Buyer.’ 

In^sf)€ctors ami Im^jK'ciums. 

*^59^t the first meeting of the Butter Committee it sliid! 
recommend to the Pre.si(lent, for his apj)ointm(‘nt, subji^cl to 
the approval of the Executive Commit such Ins|KK;torB 
of Butter as may 1 k‘ re(|uired. 

‘T)0. Vacancie.s occurring in the office of Insjiectors, shall 
be filled in the manner in •which the original a})j)ointment was 
made. 

‘‘61. In case of alisence or inability of the Inspectors, 
temporary Insjiectors may Ix' a})|K)inb‘d by the Butter Com- 
mittee' of the Exchange. 

“62. Insiiectors, Ix'fore entering u|K)n their duti(*s, shall be 
sworn to perform said dutii's faithfully, and to Ik* governed 
by the rules herewith, as they shall Ik' interpreted by the 
Butter CommitUx', and to make such ins|M*ctions as may be 
directed by the Superintendent of the Exchange. 

“63. All applications for inspection must be made to the 
Superintendent of the Exchange between the hours of 8.30 
A.M. and 5 p.m., who will direct the samc^for members of 
the Exchange only— as 8(X)n as practicable, in the order 
in which they are received, excepting that applications for 
the inspection of butter which has been sold under the Call, 
and is in controversy, shall bo given precedenoe over othei 
i^^)licationa. 



304 


BUTTEBrMAKlNQ, 


**64. Inspectors shall brand on the top and side each pack- 
age inspected, and when requested also on the side of each 
remaining package in the lot or lots covered by the inspec- 
tion. 

‘*65. Inspectors shall immediately after completing an in- 
spection, make a certificate of the same in accordance with the 
specification for grading contained in these rules, upon blanks 
furnished for this purpose, under the direction of the Butter 
Committee, which shall be countersigned by the Superin- 
tendent, and promptly delivered to the party ordering the 
inspection. 

“66. A Certificate of Inspection shall be good for two days 
from date of same (including Sundays and holidays) provided 
the holder of the goods takes proper care of the same. 

“67. The Inspectors shall have recorded in a book provided 
for the purpose, a detailed account of all inspections made 
by them, stating date and hour of inspection, name, and address 
of parties for whom inspection is made, place where inspection 
is made, stencil number or other marks on goods, number of 
tubs in lots, and number of tubs inspected. If lots contain 
more than one shipment, the number of tubs in each shipment 
shall be noted. 

“68. There shall be drawn as samples for inspection by the 
Inspectors: 


5 tubs from lots less than 25 of 

one mark and invoice. 

8 “ 

i i 

“ of 25 of one mark and invoice. 

15 " 

tt 

“ ** 50“ “ 

tt tt tt 

20 “ 

tt 

** ** 100** ** 

it it ft 

35 " 

tt 

** ** 200** ** 

it it it 

50 " 

tt 

** ** 300“ “ 

tt tt tt 

60 “ 

it 

** ** 500** “ 

tt tt tt 


and a like proportion of lots ranging between these figures, 
and of larger lots. 

“69. If butter runs irregular in quality, the Inspector shall 
increase his sample to such an extent as he deen^ necessary 
to secure a fair just inspection. 
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‘'70. A buyer or seller may have a larger percentage than 
the above inspected, upon making application j)rt‘vious to the 
inspection, and payment of 10c. |)er tub atlditional fees. 

“71. All complaints against the Butter Insjxjctore shall be 
referred to the Butter Committee. 

“72. Charges for inspection shall be as follows: 

On lots not exceeding 10 tul)s, 1 invoice SO >50 


Over 

10 and not over 

25 tubs, 

1 

invoice. . . 

... 0.75 

(t 

25 

50 “ 

1 

< ( 

... 1,00 

tt 

50 

100 

1 

1 ( 

... 1.50 

it 

100 

200 “ 

1 

( ( 

... 1 75 

tt 

200 

300 '' 

1 

1 1 

... 2.00 

tt 

300 

500 “ 

1 

< ( 

... 2.50 


“73. Inspections shall Ix' paid by the j)arty ordering the 
same, excepting where otherwise providwl. 

“74. At the first meeting of the Butter Committee, it 
shall recommend to the President for apjwintment, subject 
to the approval of the Executive CommitUT, a Butter Weigher, 
who may appoint assistants as he may require' them. 

“75. The Butter Weigher slrnll receive his instructions 
from the Butter Committee. 

“70. The Butter Weigher and Assistants l)eforc entering 
upon their duties shall be sworn to fx^rform said duties faith- 
fully, correctly, and in conformity w^ith the customs of the 
Butter Trade, as defined by the Butter Committ4H?. 

“77. The Butter Weigher shall make certificates in dupli- 
cate of all lots of butter weighed by him, or his assistant*, 
and promptly deliver to the party ordering the weighing. 

“78. Applications for weighing butter shall be made to 
the Superintendent or Butter Weigher. 

“79, Charges for weighing shall be as follows: 

On lots not over 25 tubs 3c. per tub 

Over 25 and not over 50 tubs 2Jc. per tub 

50 “ “ “ 100 2c. " " 

Testing 7 tube or less .75c. 

Over 7 tubs 
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"80. AH complaints against the Butter Weigher, or Assist- 
ants, shall be made to the Butter Committee. 

“81. All former rules conflicting with the foregoing, are 
hereby repealed. 

** Attention is Directed to the Fdlomng Executive Committee Rvles, 
and Section 33, Paragraph 6, of the By-Laws. 

"Rule 2. — On all sales, or purchases of any merchandise 
to arrive, or for future delivery, each party to the contract 
shall deposit an original margin with the Superintendent of 
the Exchange of 10% on the contract price at the time of 
purchase, or sale, and a further margin from time to time 
to the extent of any variation in the market value from the 
contract price; said margin to be deposited in such bank or 
trust company as may have been designated by the Finance 
Committee of the New York Mercantile Exchange. When 
margins arc called before 12 m., they must be deposited before 
3 P.M. of the same day. If called after 12 m., they must be 
deposited before 12 m. of the following day; in case of failure 
to deposit as above, the buyer or seller shall have the right 
to cover his contract at discretion, for account of the party 
failing to respond to the call for margin. 

"Rule 7. — All merchandise purchased by sample shall be 
considered sold unless the purchaser notify the seller within 
twenty-four hours after receipt of the same, that it is rejected 
as not being up to sample. If a settlement cannot be agreed 
on, the case shall be referred to the Trade Committee having 
charge of the class of goods in question, who shall decide the 
matter, and in the event of a decision against either buyer 
or seller, the same pepalties shall accrue as the Rules under 
the Call provide for the kind of goods dealt in. The party 
against whom the deebion is given shall pay to each com* 
mitteeman serving $2 for each case. 
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Section 33, Paragraph G, of the By-Laws. 

“When the parties to a contract, on which margin has been 
deposited through the instrumentality of the Su|H'rintend(‘nt, 
as above set forth, cannot agree as to the disfribution and 
payment of such margin, or in case one or lx)th of the con- 
tracting parties die or make an assignnu'iit, or otherwise lx‘- 
come incapacitated, or refuse to perform promptly any act 
necessary for the adjustment and payment of such margin, 
the Finance Committee is hereby aulhoriz(Hl and din'cttnl to 
ascertain the person or persons to whom such margins should Ix^ 
paid, and instruct the Sui)erintendent to endorse the d('|K)8it 
certificate for j)aymcnt, or exchange it for other clucks, to 
correspond in amount with the Committ(H'’s decision, drawn 
to the order of the person or persons entitled then*to, and 
deliver the same to said person or persons without umu'cessary 
delay; and in case, for any cause whatever, the saiil d(‘jx)8it 
certificate is not immediately forthcoming, so that such en- 
dorsement and distribution may be made, the Finance CommitU'e 
shall instruct the Superintendent to procure from the said 
bank or trust company that issued it, a duplicate thereof, 
as provided for in the original, and endorse it as he would 
have endorsed the original if it had come into his possession." 

Fjcport Rutter. 

The observ’ations of the authors have Ix^cn that the reputa 
tion of the American buttx^r is not all tliat is desirable on tlie 
English market. Some AnuTican butter is gofxl enough to 
sell on an equality with Danish butter, and in some in.stanc(^ 
it is palmed off for such. Much poor butter, however, has Ixtin 
allowed to go onto the English market, and this has in some 
measure ruined the reputation of our butbT. 

Butter for export punx^sf's should It^ of the Ncry l^est, and 
made in such a way as to insure gfxxl kf‘eping qualities. 

The standing of the different kinds of butter, as observed 
on the English market, were as follows; ^ 



butter^making. 


(]) Fresh French Rolls. 

(2) Danish Creamery. 

(3) Irish Creamery. 

(4) New Zealand. 

(5) Canadian, Australian, Argentine, United States, and 
Siberia. 


For Storage Purposes. 

(1) Danish. 

(2) New Zealand 

(3) Siberia. 



Fio. 172.— Shipping Riueian butter from Siberia. (U. S. Govt. Bui.) 




CHAPTER XXL 

COOLING FACILITIES FOR (MIEAMERIL8. 

One of the most important things in connection with the 
successful operation of a creamery Ls the control of tempera- 
ture. This control of temperature is important in the sepa- 
ration, pasteurization, ripening, churning processes, and in 
the use and preparation of starters. Conditions are frequently 
such that the raw as well as finished (lairj' jiroducts need to 
be stored. If temperature or cold storage conditions are not 
under control, dairy products will suffer in (juality. Raw as 
well as finished products are very j>erishabl(‘. They are best 
when fresh. Strictly and generally speaking, dairy jiroducts 
deteriorate with age. The nearer the producers of the raw 
material, manufacturers, and consumers of the finished prod- 
ucts can be brought together, th(‘ Ix'tter it Is. Conditions 
of commerce and trade arc such that butter nei^tls to be pre- 
served for some time before it reaches the con.sumer. 

The preservation of butter depends on the checking of 
fermentations affecting the flavor of this product. This can 
best be done by the use of a low temperature. There are 
various ways by which low temperature may be obtained in 
creameries. The system of refrigeration to be employed in a 
^ven creamery should be determined by local conditions. 

Cooling Systems: 

1. By the use of natural ice. 

2. By the use of mechanical refrigeration. 

3. By the use of cold water alone. 

1. Most local creameries, within the ice-freezing belt, make 

use of natural ice. It is by far the most common method 

M 
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of refrigemtion employed in creameries, and undoubtedly, under 
, average local conditions, represents the most economic method 
of obtaining low temperature. As a rule patrons have little 
work to do during the winter and arc willing to supply teams 
and help for a few days while the ice is being put up. The 
use of natural ice gives good satisfaction, especially when 
good, pure ice can be had within a reasonable distance from 
the creamery, and a proper and convenient place is provided 
in which to store the ice. 

2. Mechanical refrigeration is undoubtedly gaining favor 
with creamery-men, as is evidenced by the increased number 
of mechanical refrigcrating-plants installed in various cream- 
eries. The reasons for this increase are due in part, first to 
centralization of creameries, second, to mild winters in certain 
sections and consequently no natural ice, third, greater con- 
venience if properly operated. 

Centralized creameries have so much more cooling to do 
than a local creamery, that a mechanical refrigerating-plant 
best serves their needs. Often centralized plants are located 
in large cities where an ice-manufacturing plant and cold 
storage plant may be run successfully in connection with 
the creamery. Prof. Erf* has conducted some experiments 
relative to the comparative cost of the two systems for creamery 
use. The following tabic shows the results, and indicates the 
comparative cost of cooling 100 pounds of butter to 30® F., 
including the cost of cooling the cretin during manufacturing 
processes. These figures are also based uix)n a run of 10,000 
pounds of milk per day. 

1 . 2 . 3 . 4 . 

Natural-ice system 20.1c. 18.2c. 17.5c. 17.1c. 

Mechanical refrigeration 17.8c. 17.1c. 16.9c. 16.8c. 

The different columns (1, 2, 3, 4) indicate different insulating 
material used, which cannot here be elaborated upon, except 
to say that it pays to insulate thoroughly. 


Creamery Journal. 
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The above results indicate that mechanical refrigcratioii 
is a little the cheaper. The cost of meclianical refrigeration is 
quite constant under different conditions, while the cost con- 
nected with storing and using natural ice will vary greatly 
according to different localities. 

3. Under certain conditions, intentional or unintentional, 
a creamery must be run without the use of ice, and without 
mechanical refrigeration. In such a ease cold waUT is a 
necessity. One of the authors successfully operated a creamery 
one season without any other cooling ag(‘nt than water. The 
winter season had been warm and no ice was obtained nor 
was it obtainable at a reasonable cost, Then^ was no room 
in the creamery for a mechanical r(‘frigerating-plant, and even 
if there had been, no money was available with which to pur- 
chase such cooling facilities. The only thing to do was to 
close the creamery or cool with water. 

The latter method was resorted to. Th(' cr(‘amery was 
fortunate in having an unlimited supply of pure cold water 
coming from a mountain stream. 

This water was made effective for cooling purposes by 
directing a constant flow through a galvanized iron tank in 
the refrigerator. The ice-lK)x on the inside? of the refrigerator 
was removed, and a closed galvanized iron tank put in its |>lacc. 
This tank was connected up with an inflow' and overflow at 
the top. A faucet for draining the tank was providnl at the 
bottom in one comer. The tank was made straight on the 
side next to the wall, but sloping towards the wall on the side 
facing the refrigerator room. Ihis was doru* so as to allow 
the dampness or sweat collecting on the outside to mn dowm 
the sides and be collected in a trough, which conveyed it to 
the outside. A trap w'as connected with thi.s outlet so as not 
to let in warm air. Such an arrangfancjnt gave very good 
satisfaction, though not so effective in c<x)rmg as icc. 

The cream was cooled anti kept cold by circulating a con- 
stant stream of w'ater through the vat-jaclqjts. The tempera- 
ture of the water was never above 50° I*. 
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The butter was disposed of locally while fresh. In cream- 
eries where it is necessary to hold butter any length of time, 
this system is undoubtedly less satisfactory, but under above 
mentioned conditions it gave good satisfaction. 

The water-tank should never be made from wood, as wood 
is a very poor conductor of heat. Heavy galvanized iron is 

best. 

Natural Ice System. 

Kind of Ice-house. — ^When natural ice is stored, the first 
consideration is a good ice-house conveniently located to the 
creamery and refrigerator. When the creamery is first planned 
and built the ice-house should at the same time be provided 
for. The ice-house should preferably be adjacent to the re- 
frigerator, so that the ice can be transferred directly from the 
house into the cooler, thus obviating much loss of ice and 
decreasing labor. 

The various parts of the building embracing the many 
details, will not here be enlarged upon, inasmuch as they can 
be more advantageously shown in plans. Students are referred 
to the different views shown on pages 313-315, 317 and 318.* 
As will be seen, the construction of the ice-house depends 
to some extent upon the location and kind of refrigerator to 
be used. There are at least two different ways of locating 
the refrigerator in relation to ice-house: (1) Where the re- 
frigerator is entirely separate from the ice-house, the ice to be 
transferred and placed either overhead or on one side of the 
refrigerator. (2) Where the refrigerator is combined with 
the ice-house and the ice is not moved for cooling purposes. 
This in turn may be arranged so as to have the ice storage 
overhead or on one side of the refrigerator. The ice-house 
needed in connection with this second method differs chiefly 
from that of the first in that better insulation is necessary 
and no ice-packing material is used, except on top. This latter 

♦ N. y. Produce Review. Showing cooling facUitiea in Albert 






CREAMERY COLD STORAQE 

CIRCULATIOW SYSTEM 



[O. 174. — Refrigerator and ice-house combined. 

CFrom Keport of Dairy CommissioDer of Canada. 1900.) 
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,fi|MUie (llltd vlQi tluTiofa 
through mud) ouuido door •( kf. 



Fiq. 175 .— Construction detail of ice-house. 
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method of creameiy refrigerators, even though more expemiv 
18 to be highly recommended, chiefly because labor is decreaseo 
and the low temperature is uniformly maintained. 

Reasonable high ground affords a good location for an ice- 
house. It is of importance that the ground should be thor- 
oughly drained before building the ice-house. If the ground 
is high, diy, and gravelly, perhaps no drainage is needed, 
but under most conditions a drain should be run through the 
bottom. This drain should not be very deep. If area to be 
drained is so large that one drain will not cany off the water, 
it is better to use two drains, rather than to have one deep one. 

Size and Shape of Ice-house.— The plan of the ice-house 
should be as nearly square as consistent with room. A square 
building, having a certain length of wall around it, will hold 
more ice than an oblong building having an equal number 
of feet of outside walls. The building should also be high in 
proportion to width and length. This will tend to preserve 
the ice as proportionately less top surface is exposed to the air. 

The size of the building will vary according (1) to amount 
of milk handled at the creamery, (2) whether ice is sold from 
creamery, and (3) whether ice is used for any other purposes, 
such as ice-cream freezing, cream shipping, etc. For creamery 
uses, the only basis on which to estimate is the amount of 
milk received. 

For example, suppose a creamery is receiving 12,000 pounds 
of milk daily. This milk will produce about 2000 pounds of 
cream and about 600 pounds of butter. Suppose that the 
cream needs to be cooled from 90° F. down to 40° F. or a range 
of 60° F. One pound of ice will cool about 142 pounds of 
water 1° F. Calculations are made with water as tousds. The 
results will thus be a little too high, but subsequent corrections 
will be made. If ond pound of ice will cool 142 pounds of 
cream 1° F., it will require 50 pounds of ice to cool that amount 
of cream 50° F. By calculation from these figures we find that 
about 0.35 of a pound of ice is required to cool each pound 
of cream 50° F. ahd for cooling 2000 pounds of cream it will 
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require 700 pounds. If it takes 700 pounds of ice daily for 
cooling the cream for eight months of the year, which is about 
the time the cream would have to be cooled by artificial means, 


< 

I 



it would take 168,000 pounds of ice per year. As the specific 
heat of croam is only about 0.7, the final amount needed for 
cooling the cream would be only 117,600 pounds, or about 
fiQtooa. 
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The next consideration is the ice needed for cooling the 
butter. Roughly speaking, there will be about GOO iK)unds of 
butter. Suppose the butter ncals to be cook'd 30'" F. Granting 
that the specific heat of butter is the same as that of watiT, 
it would require 30 pounds of ice to cool 142 iwunds of butU'r 
30® F. There will therefore be needed daily 12G \)o\imh of 
ice for cooling the butter. As the sj)ecific heat of butter is 
only about 0.4, 51 pounds of ice are necessary ilaily. For eight 
months 12,240 pounds will be needed. The amount of ice 
needed in a refrigerator above that need(*d for cooling the 
butter cannot be calculated. We may count on 25% radia- 
tion and 25% as an allowance for cooling tubs and packages. 
The total ice needed for cooling the butter will then be 24,480 
pounds, or about 12i tons. 

Counting on 20% loss incidental to transfwrtation and 
melting in the ice-house, 89 tons of ice ar(» needed for cooling 
the cream and butter the number of degrees mentioned above. 

One cubic foot of ice at 32® F. weiglis 57.5 iwunds. If 
1 cubic foot of ice weighs 57.5 pounds, 89 tons would occupy 
a space equal to 3093 cubic feet, and would rcfjuirc an ice- 
house of dimensions approximately as follows: 16 ft. Wgh, 
14 ft. wide, and 14 ft. long. These dimensions arc given only 
as examples. The height, width, and length may noed to be 
changed to conform with local conditions. One thing should 
be kept in mind, it is always better to have an ice-house a little 
too large rather than too small. 

PilUng the Ice-house.— The chief objects to be sought in 
packing ice into an icehouse alrea(ly properly constructed, 
are: first, to exclude circulation of air through the mass of ice 
and thus prevent melting; second, to pack it in such a manner 
that it can easily be removed in whole blocks; third, to pack 
it with such material that it will leave* the ice as clean as is 
consistent with other important sought objects. 

Hie peeking mateiial which is most commonly used in the 
central western States is sawdust. This is very efficient in 
MT j lasting, and usuaDy cheap, but soils the lo^ 
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80 that considerable water needs to be used with which to rinse 
it. As a consequence of this latter, considerable ice li wasted. 
Straw is used successfully. It leaves the ice much cleaner, 
but is not so effective in preserving the ice. Shavings are 
good, but as a rule are too expensive and not available. Some 
use no packing material other than ice and snow. When the 
blocks of ice arc put into the ice-house, they arc packed closely 
together. A man with a hatchet chips the block of ice in 
such a way as to fit them snugly together. The small cracks 
are filled with fine ice and snow. The experience of the authors 
is that, by this method, the blocks of ice are likely to solidly 
freeze together, so the ice cannot be removed without break- 
ing it up into irregular pieces. This is hard work, and con- 
siderable ice is wasted. 

Another method of filling ice-houses in successful use is 
that of running a small layer of water into the building and 
allowing it to freeze. The doors in the ice-house are opened 
during a protractivc period of cold weather. The bottom of 
the ice-house is covered with building-paper. Water is run 
on top of this and allowed to freeze until a layer of ice about 
a foot in thickness has been obtained. Then another layer of 
paper is made to cover the ice and more water flooded on 
and frozen. This process is continued until the ice-house 
is filled. The paper between the layers prevents the ice 
from freezing into one solid mass, and facilitates the removal 
of the ice. 

When the ice is stored in an insulated house, combined 
with the refrigerator, no packing material is used except on 
the top of the ice. Shavings are good to pile on the top of ice 
’ when the ice-house has been filled. They are clean and effective 
in preserving the ice. 

The cost of filling in ice-house with natural ice, obtainable 
within a distance of about eight miles, will vary in different 
localities, but may be said to range between $0 60 and $1.25 
per ton. The crejunery furnishes a man to pack it into the^ 
ioe-hou86. 



COOlim FACILmE& FOR CREAMERIES. 


321 


Source of Icc.— The ice for creamer)' use should be ob- 
twned t|om as pure water as possible. A large running stream 
is always better than a small polluted stream. Usually the 
creamery can cooperate with butchers, restaurants, hotel- 
men, and other local ice-users in building a dam in a suitable 
stream. The ice can also as a rule be han'csUxl chcaixT by 
cooperation. 

Some creameries have constructed icc-iionds near the ice- 
house. If there is a clay or impervious l)<)ttom, tliis works 
saccessfully and economically. The i)ond is tdlwl and kojit 
filled from the creamery water-supply or from a tile drain inlet. 
Care should be taken not to use stagnant water and waU-r 
in which weeds and other rubbish have l)een allowwl to accu- 
mulate. The pond should lx; dt'i'p enough so Uiat the water 
will not freeze to the bottom and pro<luee dirty ice. 1 he (Hind 
should also be filled with water to overflowing when freemig 
is begun, otherwise slush and snow are likely to accumulate 
together with dust from the fields and roads, producing impure 


The ice is best when frozen from the top down. A hole is 
bored and kept open in the ice during the freezing precei^^ 
Through thU opening the iKind is suiiphisl with water as rap dly 
as it subsides. When the water is solidly up against the Ixitton 
of the ice it will show in the o[Kming or hole m the ice. 

To construct an ice-jiond on gravelly soil is uw'es.s, a < 
pack such a pond with a sufficiently thick layer of clay to pi^ 
Tnt l^kagc of water is under most conditions, mipracUcable. 


Usage of Ice in Cooling Cream. 

1. Directly. 

2. Indirectly. . . i 

1 The cooUng of cream in creameries by putting icc dire^ 

into the cJL has been much practiced m the paa^^ Tte 
^hJd is^ used considerably, especially where tlw oW 
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and some are not. Cream in unjacketed vats could not well 
be cooled in any other way than by using ice direcdy in the 
cream and stirring until cold. To keep cold any length of 
time, considerable excess of ice needs to be used. 

Such a method of cooling cream has its advantages as well 
as disadvantages. The latter, however, clearly outweighs 
the former. 

The advantages are that the cream can be cooled in a very 
short time, and it does not require any special investment 
for up-to-date ripening-vats, nor special machinery for the 
purpose of pumping the cooling medium. 

The chief disadvantages are: First, impurities and un- 
desirable germs are liable to be introduced, which would injure 
the quality of the cream and otherwise work harm to the 
quality and keeping property of the butter; second, the melt- 
ing of the ice would dilute the cream. This would render 
the cream less sour, impart a marked flat, insipid taste to the 
cream and butter, and produce more buttermilk which, if it 
contained a certain per cent fat, would mean a greater loss 
of fat during the churning process. 

The use of ice directly in the cream for cooling purposes 
should not be resorted to unless it is necessary. With the 
best quality of cream this method is still more unsatisfactory, 
as it greatly lowers the quality of butter. With cream in 
very poor condition previous to ripening, the chances for 
lowering the quality of butter are not so great. 

2. The cooling of cream with ice indirectly is by far the 
best method. With the use of our up-to-date ripening-vats, 
the cooling of cream is an easy matter. But where the creamery 
IS already in possession of a good open vat and the manage- 
ment not disposed to discard it to install a new one, the ques- 
tion is different. « 

Some open vate have a jacket and speciid opm space at 
one end for holding crushed ice. These vats will control and 
hold temperature better than those with just a jaei^ around. 
The cooling of cre&m on a large scale by circulating ice^water 
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through the jacket, at best, is a slow process. Usually too 
slow to be effective and practical. 

This cooling process is carried out by mixing the ice and 
water together in a separate vat to which a rotary pump is 
attached, forcing the water through the jacket and again 
returned to the ice and water-tank to be cooled. The slow- 
ness of this cooling process can in a measure be overcome by 
mbdng salt with the ice and water. This will cause the ice 
to melt faster, and consequently cool the brine to a lower 
degree of temperature than was possible to obtain with water 


and ice. , 

In case it is desirable, a set of coils can be made which will 
fit into the open vat. The inlet and outlet of these coils can 
be connected up by means of rubber hose with the pipes con- 
veying the brine to and from the ripcncr. The coils can be 
nrndp to move up and down, by means of a rope attached to 
and leading from the coils through a pulley near the loft and 
fastened to a small crank at the end of a shaft. When the 
shaft turns the crank will also turn and cause the coils in the 
vat to move up and down. In the absence of a special up-^ 
date ripener, this manner of cooling works very satisfactorily. 

A butter refrigerator containing a tank, as already de- 
scribed, could be cooled by pumping brine 
manner, as described for cream cooling, except that no co 

are needed. 


Mechanical Refrigeration. 

Application of in Creameries.-Mechanical refrigeration has 
been^nsidered expensive and impracticable on » 
unta within a few years. 

tefii(gttation is considered practicable. 
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On another page a table of comparative cost of natural ice 
and mechanical refrigeration is given. It was also stated in 
that connection that the cost of mechanical refrigeration 
would vary under different conditions. The chief factors 
affecting the cost of mechanical refrigeration may be said to 
be rimilar to those affecting the economic running of the re- 
maining machinery, such as kind of fuel used, skill of fireman, 
style and condition of boiler, proportion of boiler power to 
work done, upon the correlative size of all machinery, upon 
kind of insulation and care of cooling-rooms, and upon effi- 
ciency of compressor and whole refrigerating system. 

Chemicals Used for Mechanical Refrigeration. — The ^lost 
common substances used in mechanical refrigeration are am- 
monia and carbonic acid. A number of others are in use, but 
from a creamery standpoint, these only are of importance. 
Ammonia is used chiefly. It is efficient, cheap, and not so 
dangerous to life and property as are some of the others. 
Anhydrous ammonia has a boiling-point of 27® below zero 
at atmospheric pressure. The latent heat of ammonia is also 
great. Ammonia has great chemical stability, and is not 
e.xplosivc in nature. Ammonia attacks copper and brass, 
but has no effect upon iron and steel pipes. If ammonia 
should escape through a leak into a room, the operator can 
protect himself from the effects of the gas by breathing through 
a wet sponge held in the mouth. Ammonia leaks may be 
detected by holding a glass rod dipped in hydrochloric acid 
to the place where the leak may be. When ammonia comes 
in contact with hydrochloric acid, white fumes are formed. 

Carbonic acid is used considerably in Europe, and is chiefly 
favored because the gas is not highly poisonous; in case of 
leak it does not spoil contents of refrigerator, and it liquefies 
at a high temperature (9D® to 100® F.), and is therefore favored 
in tropical climes. 

Principles of Producing Cold Artificially.— The chief principle 
involved in producing artificial cold is that when a substance 
passes from a liquidf into a gaseous state, a definite amount of 
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htot heat is absorbed. When water in a kettle on the stove 
begins to boil and passes off into steam, no higher temperatuir 
can be reached. No matter how much heat is applied under 
th<^ same conditions, the tem[)eraturo remains the same. 
This extra heat is used in transfonning the water into steam. 
If this steam were confined, and that heat removed, by cooling, 
the steam would again pass into a liquid state. We arc familiar 
with the coolness produced by rapid evaporation of jK'rspira- 
tion from the body. Mechanical refrigeration is virtually a 
process of evaporation of the cooling media, during which 
heat is absorbed and liquefaction of the cooling metlium by 
compression and cooling to remove that absorlxxl h(‘at. To 
increase the ability of the cooling medium to aKsorb heat it 
is compressed and liquefied. So we might say tliat any com- 
pression refrigerating system has three S(‘j){imt(i o|M*ration« 
necessary to form the complete cycle of mechanical refrigeration, 
viz.: 

1. Compression of the ammonia gas. 

2. Condensation of the ammonia gas. 

3. Expansion of the ammonia gas. 

1. The machine which cau.scs the compression of the am- 
monia gas is called the compreasor. In construction it is much 
like a steam-engine. Small machines arc single, but largo 
machines are double acting. Gas is drawn in, on the suction 
stroke, compressed and dischargetl on the return stroke. The 
pressure generated varies between 120 and 175 pounds f)cr 
square inch. During the compression heat is developed in 
proportion to pressure exerted. The greattT the pressure the 
higher the temperature of the gas. Part of the heat of com- 
pression is carried off by means of a continuous stream of 
water running through a jacket around the cylinder. 

2. From the compres.sor the gas is (tirccHl through the pipes 
into the condensing coils, in which the warm compressed gas 
is cooled still more. When sufficient heat has been removed 
from this* it assumes a liquid condition and is ready to 
expand into a gaseous form for the purpose of absorlang heat 
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And i»Yxlucing cold. During the cooling and condensing pro- 
cesses each pound of ammonia parts with about 560 units of 
heat, which amount can again be absorbed when it expands into 
gas at the lower pressure. , 

3. This liquefied gas, which is still under great pressure, is 
then admitted through what is termed the expansion-valve. 
This valve is especially constructed for that purpose, and has 
only a very minute opening in it for the admission of the liquid 
ammonia. On the expansion side the pressure is low (20 
to 30 lbs.). As the liquid ammonia emerges from the high- 
pressure side through the expansion-valve into the expansion 
side, it forms a gas. This expanded gas may then be circulated 
through coils for cooling purposes. From there it passes tack 
into the suction side of the compressor ready to go through 
another similar cycle. 

From the above description it will be seen that there are two 
ttdes to the system, the expansion side and the compression 
side. The compression side extends from the compressor to 
the expansion-valve; the expansion side from the expansion- 
valve to the suction side of the compressor, inclusive. 

Transferring the Cold.— The methods of transferring the 
cold to the different places in the building vary. There are 
two systems, vis,: 

1. Direct Expansion. 

2. Brine System. 

1. By the cfirect-expansion system the condensing-pipes 
of the system are extended to the room or place at which the 
cooling b to be done. An extended set of expansion coUs then 
convey the gas which absorbs the heat. A lower temperature 
can be produced by this method than with the brine system. 

2. In the brine system a large brine-tank b placed somo- 
where in the creamery at a pbce most convenient with respect 
to cooling. Thb tank contains a strong solution of brine. 
The chief reason why brine b used in preference to water b that 
brine has a very low freeiing-point Thb will viuy witii 
different degrees of 'saturariom 
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Either one, eodium chloride (common salt), or calcium 
chloride, may be used for brine. The latter is considered 
besx chiefly because it is'tiot so hard on the pipes and it keeps 
the brine pipes cleaner than does a salt brine. The tables 
pve properties of brine made from these two substances. 


Sbowimo Propertim op Solution of Salt. (Sieblt). 
(Chloride of Sodium.) 


P«r Mnt 
of Salt by 
Wei^t. 

Pounds 
Salt per 
Gallon of 
Solution. 

Demei on 

Salometer 
at 60" F. 

Wei^t 
per Gallon 
at 3»“ F. 

Speeifio 

Gravity at 
39“ F. 
4*C. 

Rparifie 

Heat. 

FTMsing- 

Fahr. 

Freaaiaf 

potnt 

OAtim, 

1 

0.084 

4 

8.40 

1 007 

0 992 

30 5 

- 

0.8 

4 

0.169 

8 

8.46 

1.015 

0 984 

29 3 

— 

1 .5 

2 6 

0.212 

10 

8.50 

1.019 

0.980 

28.6 

— 

1.9 

3 

0 256 

12 

8 53 

1.023 

0 976 

27 8 


2.3 

3 6 

0.300 

14 

8.66 

1.026 

0 972 

27.1 


2.7 

4 

0 344 

16 

8 59 

1 WO 

0 968 

26 6 


3 0 

5 

0 433 

20 

8 65 

1 W7 

0 960 

25.2 


3 .8 

6 

7 

8 

9 

10 

12 

15 

20 

24 

25 

26 

0.523 

0 617 
0.708 
0.802 

0 897 
1.092 
1.389 
1.928 
2.376 
2.488 
2,610 

24 

28 

32 

36 

40 

48 

60 

80 

96 

100 

104 

8.72 

8.78 

8.86 

8 91 

8.97 
9.10 

9 26 
9.64 
9.90 

9.97 

10 04 

1.046 

1 053 
1.061 
1.068 
1.076 
1.091 
1.115 
1.156 
1.187 

1 196 
1.204 

0 946 1 
0 932 1 
0 919 

0 905 

0 892 

0 874 

0 855 

0 829 

0 796 

0 783 
0.771 

2:1.9 1 

22 6 I 
21 2 

19 9 
18.7 

16 0 

12 2 

6 1 

1 2 
0.5 
-1.1 

- 

4 .5 

5 3 

6 0 
6.7 

7.4 
8.9 
11.0 

14.4 
17.1 
17.8 

18.4 


Pbcfbetm or Soi-otioN or CHU,Bn>. or Cauict.- (Sbblt). 


Per cent by 
Weii^t. 

Specific Heat. 

Specific Gravity 
80* Fahr. 

Freewnf-poiot 

in Degreei Fahr. 

Freealm-pcfy 

inI>wM«Oak 

1 

5 

10 

15 

20 

25 

0.996 

0.964 

0.896 

0.860 

0.834 

0.790 

1.009 

1.043 

1.087 

1.134 

1.182 

1.234 

31 

27.5 

22 

15 

5 

-8 

• 

- 0 5 

- 2 5 

- 5 6 

- 9 6 
-14.8 
-22.1 


Tte 'I* bri^- i^.y lyl 

Ite b™. ■ Sp»W pump. ^ 

to the cream vat, cooling coils, icecream fffeerer, etc. 
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For creameries the brine system is the only practical sys- 
tem. It is preferred because, first, cold "can be stored in an 
insulated brine- tank and used at wilkwrithout running the com- 
pressor. In case of a prolonged stoppage due to some accident 
a brine made by a mixture of ice-water and salt could be 
temporarily substituted; second, less ammonia is required to 
charge the system; third, fewer couplings and less ammonia 
pipes are necessary. This latter would decrease the danger 
of ammonia leakage and cost of pipes* 





CHAPTER XXII. 

ECONOMIC OPERATION OF CRFAMERY, 

Inasmuch as it is impossible within the limited space in this 
work to take up a detailed discussion of the various principle 
and practices of operating boilers, engines, mechan cal re- 
frigerators, and other creamery machiner)', only a few of the 
chief factors common to creamery practice and effecting the 
economic operation shall here be discussed. For inort; com- 
plete information students are referred to works treating 
specially of these phases. 

Firing the Boiler.— Much fuel can 1)0 wasted and savwl aC/- 
cording to the completeness with which the combustion occurs. 
This again depends upon the manner of firing, upon the regu- 
lation of the draught, and upon the kind of l)oiler. The fire 
on the grates should never be too thick nor should too much 
coal be loaded on the fire at any one tim(‘. A thin, even fire 
permits of a more complete combustion than when clinkers 
and cinders are allowed to accumulate on bottom of fire, and 
a heap of unburned coal on top. By thi.s latter method of 
firing, the grates are likely to be injunxl. 

To get the most heat from the coal the draught should be 
regulated. The combustible part of the coal is of two kinda: 
first, the fixed carbon, and second, the volatile matter. The 
former is the coke or the part of coal which is seen on the grates 
as a mf yw of glowing fire. The latter consi.sts of the gases 
which pass off when a certain tem|K'raturc is reached, and which, 
when TniY erl with a certain amount of air at a given tem- 
pemture, will bum. The heavy black trail W smoke seen rising 
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from chimneys is partially wasted coal. If the grates are 
choked with a thick fire, no air can pass through, and the 
volatile parts of coal pass off without being burned. 

Burning Wood or Coal. — In some localities this question is 
of minor importance, as conditions may be such that coal 
only can be used. In other sections, where both are obtain- 
able, it is of great importance. The following table* shows 
figures obtained at five factories in Wisconsin where soft coal 
was burned and five others where wood was used. 


Daily Fuel Used at Sevi?ral Creameries. 


Pound* of Milk 
Bkimmad 
per Day. 

Pounds of 
Soft Goal 
Burned. 

Cost of Coal 
per Ton. 

Estimated Cost 
per Day. 

3500 

8000 

23000 

6000 

5300 

500 

400 

1000 

300 

500 

13.55 

3.00 

4.05 

3.60 

3.16 

80.90 

0.60 

2.00 

0.50 

0.80 


Pound* of Milk 
Skimmed 
per Day. 

Cords of Wood 
Burned. 

Price per Cord. 

intimated Cost 
per Day. 

2000 

3400 

6500 

3800 

4500 

t 

11.25 

2.25 

1.25 

2.25 

1.80 

10 32 

0.37 

0.32 

0.37 

0.60 


These are the best obtainable figures of comparison under 
creamery conditions. 

In connection with burning wood the dryness of it is an 
important consideration. If the wood is wet its power of 
producing heat is greatly lessened. A certain amount of heat 
is used in evaporating the water in the wood. Air-dry wood 
trill contain from 12% to 25% water. The quality of coal 
is another vanaUe factor. In general, and from table below, 
it mi^t be srid that 2 \ pounds of wood are equal to one pound 
of lump coal. 


* fttfriDctoo in Hotid'i Diiiymia. 
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The foflowing comparative table is pven by Kent: 

Hickory or hud maple, weight per cord 4500 lbs, - 1800 to 2000 Ibe o( ooal 

“ ■' “ 3850 " -154010 1715 ' 

Poplar, chestnut and cedar “ “ “ 2350 940 to 1050 *' '• 

“ ** " 2000 “ - 800 to 925 ** “ “ 

Whether a creamery can economically use slack or lump 
coal b another question worth considering. Slack coal b used 
very little in local creameries, first, because it is more difficult 
to use in firing. Usually help is scarce, and coal which requires 
less attention in firing than slack, is preferred. Second, slack 
coal is subject to spontaneous combustion and likely to set 
buildings afire. Some, if not all insurance companies, dis- 
criminate against creameries using slack coal as fuel. Third, 
specbl grates (rocking grates) are csstuitial to get best results 
from using slack. Fourth, sbek coal is dirty and the dust 
from it will lodge all over in the boiler aiul engine room. 

Slack coal, where conditions are at all favorable for its use, 
b, as a rule, cheap to burn. According to cxiKjrimental data, 
1 pound of slack coal will produce about 4 ix>uncb of steam, 
and 1 pound of lump coal will produce alx)ut 0 pounds of 
steam. The price of the two will vary, but usually the reb- 
tion is, slack coal, $1.25 per ton; lump coal, $3.25 per ton. 
If 1 pound of lump coal produces fi jwunds of steam, a ton 
will produce 12,000 pounds. If 1 [)ound of slack coal produces 
4 pounds of steam, to produce 12,000 pounds will require 
2992 pounds of sbek coal, which would cost $1.87. The 
difference in producing 12,000 poumb of steam in favor of 
slack coal would then be $1.38. 

Daay Weighing of Coal Used.— The advantage of daily 
weighing of coal used in creameries cannot be too strongly 
emphasized. That business phase of creamery work has been 
much neglected in the past. If the ^^oal used daily b not 
wdghed, a serious loss or leak may continue without detec- 
tion. Firing the boiler b a daily occurrence, and if a small 
kfls occum, the total loss at the end of the year would cut 
short* the profits. 



BUTTER-MAKINO. 


The weighing can conveniently be done by fitting a box 
similar to an enlarged flat-sided curd pail in shape on a pair 
of platform scales. After the scale and box have been pur- 
chased there are no additional expenses and very little extra 
labor required. 

Geaning the Boiler.— The amount of coal used will vary 
with several factors, viz. : cleanliness of flues, sediment in the 
boiler, condition of fire, kind of boiler, steam leaks, pipe in- . 
sulation, etc. The two first factors are frequently neglected. 
The flues should be cleaned every morning before the day's 
run. The inside of the boiler should be kept clean. Heavy 
scale on the inside of the boiler and flues, and heavy sedi- 
ments on the bottom of the boiler, should never be allowed to 
accumulate. Some water naturally contains a large amount of 
minerals and leaves a heavy deposit in the boiler. The oper- 
ator should learn to know the condition of the water, and the 
frequency of cleaning the inside of the boiler be governed 
accordingly. One cleaning per month is sufficient with most 
water. In some instances, one cleaning per week is necessary. 

The collection of scale and sediment within the boiler affect 
the economic operation in at least three ways: First, more 
fuel is needed; second, the boiler itself is likely to warp; third, 
foaming or priming of the boiler is likely to occur. If scale 
clings to the flues when washed, it may be removed by putting 
some sal-soda and water into the boiler and boil for several 
hours. Some use a boiler compound for preventing scales. 
This is not necessary, nor to be recommended except in extreme 
cases of mineral water. The boiler should be frequently blown 
off at Iqw pressure. 

Priming of Boilers,— When considerable water passes over 
with the steam the boiler is said to be priming. This water 
in the. steam interferes^ with the running of the engine. So 
much water in the steam fills the engine-cylinder and results 
in broken piston or cylinder-head. The engine jerks and 
thumps to such an extent that there is danger of breaking other 
parts of the machii\,ery. 
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The foaming or priming of boilers is due chiefly to: 

1* Too much water in the boiler. 

2< Working the boiler beyond its capacity. 

3. Allowing mud and minerals to accumulate in boiler. 

4. Using too much of certain boiler compounds. 

5. Some water naturally contains a large percentage of 

certain minerals which are conducive to foaming. 
The Injector. — The injector on the boiler frequently causes 
the operator some annoyance by refusing to work. The common 
causes of this are : 

1. Too low boiler steam pressure. 

2. Steam obtained from a pipe already supplying steam 

* for other purposes. 

3. Leaks in suction pipe due to shortage of supply pipe 

or holes in pipe. 

4. Too hot supply water. 

5. Scale in injector, preventing proper working of valves. 

6. Steam containing too much water. 

Oil-separators. — Considerable saving can be accomplished in 

a creamery if the exhaust steam is utilized. This steam may 
be used for pasteurizing the skim-milk, for heating the milk 
previous to separation, for heating the creamery, and for heat- 
ing the water for the boiler. 

The exhaust steam contains considerable oil and should be 
purified before it is used for any other purposes. Several 
forms of these steam purifiers are on the market. They ^ 
simple, inexpensive, and can be attached to the cxliaust-pipe 

of any engine. . . 

All steam and water pipes should be carefully drained m 

the winter to prevent freezing. , . . , 

Bdts, Pulley and Speed Calculation.— The length of a belt 
may best be determined by measuring over the two pulleys 

with a tape or a string. 

To calculate the size of a drive pulley when the speed 
of it is known, the diameter of the driver pulley is multiplied 
by ite qwed, the product divided by the apeed (rf the driveo 
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pulley, the quotient will be tiie diameter or sue qf the needed 
pulley. 

To calculate the speed of a driven pulley, multiply the 
.iUmptor by the speed of the driver pulley and divide ti»e 
product by the diameter of the driven pulley; the quotient 
W the speed or number of revolutions per minute* 
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LEGAL STANDARDS FOR DAIRY PRODUCTS. 1910. 


Statei. 

Milk. 

Skim* 

mUk. 

Cream 

Butter 

Whole- 

milk 

Cheaao 

Condanatd 

Milk. 


Total 

Solidit. 

Solids 

Not 

Fat. 

Fat. 

Toul 

Solids. 

Fat. 

Fat. 

Total 

Solids. 

Total 

SoUda. 

Fat. 


% 

% 

% 

% 

Nona; 

% 

mumai 

18 

pal CO 
80 


% 

% 



8.6 

3 

9 26 

> 30 

24.6 

7.7 



8.5 

3 25 

9.23 

18 

82 6 

36 

28 

7.7 


11.76 

8.6 

3.26 








0 

3.6 

9.3 

20 

* 83 








Nona; 

muniai 

pal ro 

ntrol 







Nona; 

mutual 

pal ao 

ntfol 




12 

8.6 

3.26 

0 26 

18 

82 5 

60 

28 

7 


11.6 

11 

8.6 

3 





28 

7 7 

Idaho 

8 

3 

9.26 

18 

82 6 

>30 

38 

7.7 

lUinots 

8 6 

3 

9.26 

18 

82.6 

60 

38 

7.7 



8.6 

3.26 

9.26 

18 

82.6 

50 

38 



12.6 


3 


16 

80 






3.26 




60 


7.7 

7.7 


12 

^6 

3.25 

9 26 

18 

82.6 

28 


8.6 

3.6 

8.00 

18 

82.6 

• 60 

38 


11.76 

8.6 

3.26 








12.6 

12.16 


3 6 







\f 


3.36 

9.3 

16 





Michijan 

12.6 


3 1 


} ** 





MintiAanfA 

13 


3.6 

20 

80 

46 


7.T 


8.76 

3.26 

' 9.25 

18 

82.6 

60 

28 


12 

9 

3 


16 





^nhTMka 


3 


18 

80 





12" 

12 



■9 

18 






3 


16 

pal CO 

ntrol 



y ..... 

Naw MaxIao 



Nona; 

muniai 


1 



11.6 


3 

9]26‘ 

IS 

15 

82 6 

«60 

M 

7.7 

Vot’t'h r^AmliiiA 

8.6 

3.26 

#0 


12 

12 

12.6 

12.2 


3 


80 




i^OrvD AyMaQlA • ««#•«• 

Ohio 


3 

3 

3.2 


i ■l8'' 

20 

16 


28 

7 

Oklahoma 

9 

ntrol 


' « 30 ' ’ 

23 

4.6 


Nona; 

12 

imunioi 

pal CO 

3 





IVhV^A MlJtA . . . . 







nKmlA TalAnd 

12 


2.6 

Nona; 

0.26 

muniai 

pd CO 
An 

ntrol 

•60 

•60 



South C#*^!**^ 


3.26 

3.26 

3.26 

3.2 

4 

3.26 

38 

7.7 

South Dakota 

TeaaaaMe 


8.6 

8.6 

8.6 

0 

0.25 

18 

18 

82.6 

38 

7.7 

Tent 

Utah 

Vonwopt 

12 

>12.6 

9.26 
9 3 

18 

80 

82 6 

•80 

130 

60 

>20 

28 

28 

7 

7.7 



8.6 





12 

8.76 

3.25 

1 } 

82 6 

38 

8 

WtoMMB 

12 

8.6 

3 

2.4 

0 


80 


• 

Wyusliiig 



i 

— 
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METRIC SYSTEM, 


METRIC SYSTEM * 

METRIC SYSTEM OF WEIGHTS AND MEASURES AND TABLES 

FOR THE CONVERSION OF METRIC WEIGHTS AND BfEAS- 

URE8 INTO CUSTOMARY UNITED STATES EQUIVALENTS 

AND THE REVERSE. 

In the metric system the meter is the base of all the weights 
and measures which it employs. 

The meter was intended to be, and is very nearly, one ten- 
millionth part of the distance measured on a meridian of th<‘ 
earth from the equator to the pole, and equals about 39.37 
inches or nearly 3 feet 3J inches. 

The meter is the primary unit of length. 

Upon the meter are based the following primary units: the 
square meter, the are, the cubic, meter or stere, the liter, and 
the gram. 

The square meter is the unit of measure for small surfaces; 
as the surface of a floor, table, etc. 

The are is the unit of land measure ; this is a square whose 
side is 10 meters in length, and which contains 100 square 
meters. 

The cubic meter or stere is the unit of volume; this is a 
cube whose edge is 1 meter in length. 

The liter is the unit of capacity; this is the capacity of a 
cube whose edge is one-tenth of a meter in length. 

The gram is the unit of weight; this is the weight of dis- 
tilled water contsuned i^ a cube whose edge is the one-hundredth 
part of a meter; a gram is therefore the one-thousandth part 
of a kilogram, and the one-millionth part of a metric ton. 


* Fiom Tbo AmerioaQ Chunbw of CommarM* 
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Mbasurxs of Lknqth. 


Metric Denominetioiu eod Values. 

Kquivalents in DattomuMUtoaB ia Use. 

Myriameter. 

10,000 meters 

1,000 meters 

100 meters 

10 meters 

1 meter 
.1 meter 

01 meter 

001 meter 

6.2137 miles 

62137 mile, or 3,280 ft. 10 in. 
328 feet 1 inch 

Kilometer 

Hectometer 

Dekameter 

Meter 

diM i inciies 

Decimeter 

■IV o/ iRcnes 

7 Q77 tnAku 

Centimeter 

1 o v»i/ incnes 

3037 inch 

0394 inch 

Millimeter 



Mkabureb op Surpacs. 


Metric Denominations and Values. 

Equivalents in Denominatioos 
in Ose 

Hectare 

10,000 square meters 

100 square meters 

1 square meter 

2 471 aciw 

110 6 s(|uare yards 

1 ,560 fw]uare inches 

Are 

Gentare 



Measureh or CAVAcnr . 


X- 


Metric Denominations and Values. 

Equivalents in DsnomtiiaUwMi 
in Use. 

Names. 

No. of 
Litem. 

Cubic Measure. 

Dry Measure. 

Liquid nr Wine 
Measure. 

Kilditer 1 1 
or stere. . / 
Hectoliter. . 
Dekaliter. . . 
Liter 

1,000 

100 

10 

1 

.1 

.01 

.001 

1 cubic meter 

.1 cubic meter 

10 cu. decimeters 

1 cu. decimeter 
.1 cu. decimeter 
10 cu. centimeters 

1 cu. centimeter 

I.308CU. yds. 

2 bush. 3.35 pks. 
9.08 quarts 
.908 quart 
0.1022 CU. ins, 
.6102 cu. in. 
.061 cu. in. 

9 

264.17 gall. 

26.417 cals. 
2.6417|^. 
1.0W7qts. 
A46cffl 
JSHiTot. 
.27 A, drm 

DwUiter 

Centiliter. . . 
MiUiUter.. . . 





littrio DtnomiiuUioiu muI VaIum. 


EqtiivAltiit* Ui Dmm»- 
minAtions in Uw. 


Vttmkar tJ' Wnij^t Of WhAt 

NAinei. ” Q^tity tA WAter At Avotrdupw Wm|^. 

MAximum DAUity. 


Matricton 1,000,000 

(^tal 100,000 

Mvriftgram 10,000 

Kilo|;raiii or kilo 1 ,000 

Heotogram 100 

DekA^ram 10 

Oram 1 

Deci|^ram .1 

CeDticram X 

Milligram .( 


1 cubic meter 
1 hectoliter 
1 dekaliter 
1 liter 
1 deciliter 

10 cubic centimeters 
1 cubic centimeter 
.1 cubic centimeter 
10 cubic millimeters 
I cubic millimeter 


2204.6 pounds 
220.46 pounds 
22.046 pounds 
2.2046 pounds 
3.5274 ounces 
.3527 ounce 
15.432 gr&iu 
1.5432 grains 
.1543 gram 
.0154 grain 


CkJMMON Mbasurds and WniaHTB, WITH THBiB Mbtric Equivalbntb. 


The following are some of the Measures in common use, with their equiva- 
lents in measures of the Metric System: 


Oommon 

Maaiutm. 

EquivAlents. 

Common Measuras. 

EquiTAlenU. 

1 inch 

2.54 centimeters 

1 cord 

3.624 stores 

1 foot 

.3048 meter 

1 liquid quart 

.9465 liter 

lyard 

.9144 meter 

1 mlon 

i 3.86 liters 

1 rod 

5.029 meters 

1 dry quart 

1.101 liters 

1 mile 

1.6093 kilometers 

1 

1 bushd 

8.811 liters 

1 square inch 

6.452 sq. centimeters 

35.24 liters 

1 square foot 

.0929 iq, meter 

1 ounce av’d’p 

1 pound av’d> 

28.35 grams 

1 square yard 

.8361 sq. meter 

.4536 kilogram 

1 square rod 

25.29 sq. meters 

1 ton (2000 lbs.) 

.9072 metric ton 

1 acre 

.4047 hectare 

1 ton (2240 lbs.) 

1.016 metric ton 

1 square mile 

250 hectares 

1 grain troy 

.0648 gram 

1 cubio inch 

16.39 cu. centimeters 

1 ounce troy 

31.104 grams 

1 cubic foot 

.02832 cu. meter 

1 pound troy 

.3732 kilogram 

l eukde yard I 

.7646 cu.,iiieter 
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Tablb fob TRi Conversion or Metric Wbioiitb and Miasormi into Cob* 
TOMART United States Equivalents and the Reverse. 

From the legal equivalents are deduced the following i^es for converi- 
iog United States weights and measures. 


METRIC to CUmOMART. 
Linbak Mbabvbb. 


Meters -Inehea. 

Meters - Feet. 

Meters - Yerds. 

KUometers - Mklea 

1- 30.37 

1- 3.28087 

1-1 093623 

1-0 62137 

2‘- 78.74 

2- 6.66174 

2-2 187246 

2-1 24274 

3-118.11 

3- 9.84261 

3 - 3.280869 

3-1 86411 

4-167.48 

4-13.12348 

4-4 374492 

4 - 2 48648 

6-196.86 

6-16 40436 

6-5.468176 

6 - 3 10686 

6-236.22 

6-19 68622 

6 - 6 661738 

6-3 72822 

7 - 276.60 

7 - 22.96609 

7 - 7.666361 

7 - 4 34969 

8-314.93 

8-26.24696 

8 - 8.748984 

8 - 4 97096 

0-364.33 

0-29.62783 

9-9.842607 

9 - 5.69233 


CUSTOMART TO METRIC. 
Limrab Mbaadbb. 


biohes - Centimeters. 

1 Feet -Meters. 

Meters -Ysrds. 

MUet-KUonetenk 

<0QD«eds6«ia>osso»- 

1 1 1 1 1 1 1 1 

1-0.804798 

2 -0.809696 

3- 0.914393 

4- 1.219191 

5- 1.623989 

6- 1.828787 

7 - 2.133684 

8 - 2.438382^^ 

9 - 2.743179 

1- 0.914393 

2- 1 828787 

3 - 2 743179 

4 - 3.667674 

6 - 4 671066 

6 - 6.486366 

7- 6.400763 

8- 7 316148 

9 - 8.229537 

1- 1 60036 

2- 3.21869 

3- 4.82804 

4- 6.43739 
6- 8 04674 

6- 9 66608 

7- 11.36543 

8- 12.87478 , 

9- 14.48412 « 
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METRIC SYSTEM. 


Bqdakb Mkabcbb. Cobic Mbabvkb. 


FP 

iJ=ii 

r r 


5 5 

llll 

O 0 

1-0.155 

1-10.764 

1- 1.196 

1- 35 315 

1-0.02832 

2-0.310 

2-21.528 

2- 2.392 

2 - 70.031 

2 - 0.05663 

3-0.465 

3-32.292 

3- 3.588 

3-105.947 

3 - 0.08495 

4-0.620 

4-43.055 

4- 4.784 

4-141.262 

4-0.11326 

5 -0 775 

5-53 819 

5- 5.980 

5-176.584 

5-0.14158 

6-0.030 

6 - 64.583 

6- 7.176 

6-210.899 

6 - 0.16990 

7-1.085 

7-75 347 

7- 8.372 

7 - 247.209 

7-0.19821 

8-1.240 

8-86.111 

8- 9.568 

8 - 282.525 

8 - 0.22653 

9-1.395 

9-93.874 

9-10.764 

9-317.840 

9 - 0.25484 


Sqvarb Mkasviue. 


Liquid Mbabhub. 


1 

£ S 

Square 

Feet 

11 

Square 

lletera. 


CentimeterB 

It 

Fluid 

Ounces. 

Liters 

t1 

Quarts. 

Liters 

ii 

OaUooa. 

1- 6.451 

1-0.09290 

1-0.836 

1-0.338 

1-1.0567 

1-0.26417 

2-12.903 

2 - 0.18581 

2-1.672 

2-0.676 

2-2.1134 

2 - 0.52834 

3-19.354 

3 - 0.27871 

3-2.508 

3-1.014 

3-3.1700 

3-0.79251 

4-25.806 

4-0.37161 

4-3.344 

4-1.352 

4 - 4.2267 

4-1.05668 

5-32.257 

5 - 0.4645^ 

5-4.181 

5-1.691 

5 - 5.2834 

5-1.32085 

6 - 38.709 

6 - 0. 55742 

6-5.017 

6-2.029 

6-6.3401 

6-1.58502 

7-45. KX) 

7 - 0.65032 

7-5.853 

7-2.368 

7 - 7.3968 

7-1.84919 

8-51.612 

8 - 0.74323 

8-6.689 

8-2.706 

8 - 8.4534 

8-2.11386 

9-5S.063 

0-0.83613 

9-7.525 

9-3.043 

9-9.5101 

9-2.37753 


Ort Mbabcrs, Liquid Mbaburb. 


M 

3 -| 

1-1 

1 « 

M 

1 “1 

1 - 2.8375 

1 - 0.35242 

1 - 2.957 

1 - 0.94636 

1 - 3.78544 

2 - 5.6750 

2 - 0.70485 • 

2 - 5.915 

2 - 1.89272 

2 - 7.57088 

8 - 8.5125 

3 - 1.05727 

3 - 8.872 

3 - 2.83908 

3 - 11.35632 

4 - 11.3500 

4 - 1.40068 

4 - 11.830 

4 - 3.38544 

4 - 15.14176 

5 - 14.1875 

5 - 1.76211 

5 - 14.787 

5 - 4.33180 

5 - 18.92720 

6 - 17.0250 

6 - 2.11454 

6 - 17.744 

6 - 5.67816 

6 - 22.71264 

7 - 19.8625 

7 - 2.46696 

7 - 20.702 

7 - 6.62452 

7 - 26.49806 

8 - 22.7000 

8 - 2.81938 

8 - 23.650 

8 - 7.57088 

8 - 30.28352 

•• 25.5375 

9 - 3.17181 

9 - 26.616 

9 - 8.51724 

9 - 34.06896 



Gentt- 
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WwOHT (ATOIKDDroi*). 


i- 


1-0.1543 

2 -0.3086 

3 -0.4630 
4-0.6173 

6- 0.7716 
6 -0.9250 

7- 1.0803 

8- 1.2346 

9- 1.3889 


9 ^ 

5- !|i 

1 

I ^ 

r P 

4- A 
r r 

1-735.274 

1 - 2 20462 

1 -0 9842 

2- 70.548 

2- 4 40924 

2-1 9684 

3-106.822 

3- f, ( ',1386 

3 - 2 9620 

4-141.096 

4- 8.81849 

4-3 9368 

6-176.370 

5-11 Oirill 

5-4 9210 

6-211.644 

6-13 22773 

6-5 9052 

7-246.918 

7-16 43235 

7-6 8894 

8 - 282.192 

8-17 63697 

8-7 8736 

9-317.466 

9-19 84159 

9 - 8.8578 


-'--s 



1- 6 4799 

2- 12.9598 

3- 19.4397 

4- 25.9196 
6 - 32.3995 

6 - 38.8793 

7 - 45.3692 

8- 51.8391 

9- 58.3190 



1- 28.3495 

2 - 66.6991 

3 - 86.0486 
4-113.3981 

6-141.7476 

6- 170.0972 

7- 198.4467 

8- 226.7962 
9 - 265.1457 



r 


1 -0 46359 

2 -0.90919 

3- 1.36078 

4- 1.81437 
6 - 2.26796 

6- 2 72156 

7- 3 17515 
8 - 3 62874 

9-4 0K233 


1-1 0161 
2-2 0321 

3 - 3 0482 

4 - 4 0642 

5 - 5 0803 

6- 6 0963 

7- 7.1124 

8- 8 1284 

9- 9 1446 



INDEX. 


Abnormal mflk 

Acid, but^o, capric, capi^ic, myrirtic, oleic, palmitic, .tearic i 

carbonic, hydrochloric, phogphoric, sulphuric 

citric 

lactic 

aalicjdio 

Bulphurio 

teats 

Acidity of milk 

of ripened cream in relation to richness of cream 

of starters 

tests for 

Adhesion of milk 

Albumen in milk 

Albuminoids in milk 

Alkali of various strengths for measuring acid in milk and cream . 

Amphoteric reaction of milk 

Antiseptics 


Mas 

M 

14 

18 

30 

214 

90 


81, 206, 208 

80 

209 

224 

208 

37 

16 

14 

HI 

32 

48 


Babcock test for fat gg 

causes and remedies for common defects in clear- 
ness of fat in 

Bacteria in milk, aroma and flavor producing 187 

as a cause of deterioration of butter U 

dassiflcation of. 60 

conditions favoring development of 4S 

desiraUe and undesirable in cream ripening 180 

number of, in milk 61 

rise and shape of. 46 

fouroes of 12 

’ . unfavorable conditions for 48 

BM flgfeal ebangw in ripening cream. HO 

BoSerp'deaniiigof, priming of 622 

firing with wood and coal 820 

246 
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INDEX. 


nm 

BfMdi, composition of milk from various D8 

Brine, for mechanical refrigerati on 327 

properties of NaCl and CaCl 327 

Brine, salting butter with 2W 

soaking tubs in t 271 

Butcer, appearance of 292 

color of. 238, 291 

composition of 281 

cost of manufacturing 278 

classification and grades of, as outlined, by N. Y. Mercantile Elx- 

change 292 

exportation of 307 

flavor of 290 

judging and grading of T. 286 

keeping in creameries 270, 310, 313, 314 

making of, on farm 109 * 

mottled, causes and remedy 263 

packing of 271, 276 

printing of 274 

rancid, and cause of n 

saltiness of 292 

storing in creameries 276 

texture or body of 290 

test for water in 88 

washing, and kind of wash-wgter 247 

working of 266 

BuU'wmilk 227, 232, 247 

Butyrin 13 

Calculation of amount of salt to add to butter 266 

of average per cent fat 105 

of chum yield 109 

of cream-raising coefficient 113 

of dividends 109 

of overrun 107 

of solids in milk 35 

of speed, pulleys, belts 331 

Cana, starter 226 

wadiing 9Si 

Care of cream on farm . • . 168 

Casein in milk, condition of. 16 

Centrifugal separation of cream. 129 

Changes in milk and cream, ohemioal, physical, and bkikigioal. 310 

CK ef «iii»l ofaenges in ripe and oveMpe eieam. .213, 216 

Chum, keepf^g in go^ oondirion. 245 

Chum yield, calculation of *... 100 

Churned mfik, eempling 97 
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Gbuniing, amoimt of cream for a 

conditions affecting 

definition of 

difficult, causes and remedy for 

Choming mixed, sweet, and sour cream 

nature of agitatibn for 

ziohness of cream for 

straining of cream previous to 

when to stop 

Citric acid in milk 

Coal, daily weighing of . . . . , 

■lack V9. lump-coal . . 

Color, butter 

Coloring matter in milk 

Composite samfdes 

care and arrangement of 

• preservatives for 

« sampling apparatus for 

Composition of butter 

of colostrum milk 

of dairy salts 

of different kinds of milk 

effect of, on quality of butter 

of salty milk 

of separator slime 

of tuberculous milk 

Commercial starters * 

preparation and use of 

Condition of cow • • 

Continuous method of pasteurisation 

“ Cooley " method of cream separaUon 

Cooling faciUUe*, water, ioe, mechanical 

ooet of natural icoHVrtem e.. mechanic^ rerngeraUon . 

systems 

Cow, condition of 

Cows, average production of 

breeds of 

cost of keeping * 

U«e showing profit nnd loss m keeping. • ■ • • 

0mm, acidity of, for churning 

care of, on farm • • • • ; • 

effect of cleanliness on quality of. ■ 

gradingof 

methods of disposing of 

mixiiig of different qualities. .. 

^peetturtsation of ? 


nos 

. m 

. 227 
. 226 
. 243 
. 243 
.. 235 
. . 231 

.. m 

.. 239 
.. 20 
. 331 

. 331 
.. 238 
20,31 
. . 90 

. 1(2 
. . W) 

.. 96 
. . 281 
.. M 
... 262 
... 2 
...281 
... 55 
... 144 
... 62 
...218 
... 219 
. . 77 
... 173 
... 124 
. .. : i 09 
... 310 
... 309 
... 77 
... 66 
... 68 
.... 66 
.... 67 
.... 206 
.... m 

.... 269 
.... 80 
.... 167 
....202 
.... m 
.... 180 



345 INDEX. 

VAOl 

Cnim, richnees of 4 . 187, 152 

^ ripening of ' 

* eampling of ^ 

•peoific treat of 88 

Oiwuiiery wwage disposal W 

, ^ l^ans. 876 

Bcilp^ting system of cream separation 124 

Difficult churning, causes and remedy 243 

Dilution, effect of, on creaming 128 

Disinfectants 8^ 

Electricity, effect of, on germs in milk 53 

Enzymes in milk 20 

effect of heat on 41 

tests for 42 

Exports of butter 296 

Factories, plan of 279 

Farrington’s test 208 

Fat in butter 286 

in milk 5 

composition of 13 

condition of 6 

effects of environment 76 

of heat on 42 

of various feeds on composition of, 75 

l^ycerides of 8 

glycerine in 14 

melting-point of 12 

membrane enveloping fat globules 9 

mioroscopiod appearance of 6 

non-volatUe. 12 

paying for, as compared with fat in cream 116 

separation of 123 

sue of globules 7 

testing for 85 

volatile 11 

Feeds, effects on milk : . 75 

Fements in milk ^ 44 

classes of 44,40 

favorable and unfavorable, condition for 45, 48 

Fennenlatioiis, detection of 56, 82 

various kinds (d 44« 55 

fOtialioA 0 ! water... r 

metlmds apd effects of. ..... . 26| 



IffbBX . J 4 J 

||(^:^iNrilar 3» 

% \ fipf4 w* wif comparative coit of 330 

• 

ofBuUc 18,30.40 

Pool for bacteria. 43 

f^amula for ealeulating chum yield 109 

cream-raifiing coefficient Il3 

dividends 109 

overrun 107 

solids in milk 35 

effects of freezing 98 


Qalactase in milk 

Gases in milk, eliminating 

kinds and sources of 

Qerbe^fermentation test 

Cftassware for Babcock test 

Grading milk and cream 

Gravity separation, different systems of 

Gritty 

Heat, effects of, on properties of milk 

Heating milk previous to skimming 

Hegelund method of milking 

Hydraulic method of separation. 

Hydrogen peroxide 

Ice-house, sise, shape, plans of, methods of filling 

Ice, source of, usage of 

Injector, working of 

Ii^termittant method of pasteurization 

J udg in g and grading butter 

standard for 


Ke elin g property of butter 

^ effectofsalton 

I^astatkm period, effect of, on milk and fat 

Laetochrome in niilk 

comparison of scales on 

use of 

tieiGim in milk 

tisM, its USB in 

<«e«!nption 

' * inflainmation of ^ 


... 20 
20, 184 
... 18 
... 82 
... 87 
... 79 
. . . 

.263 

. 38.83 
... 118 
... 71 
...128 
... 42 

...312 
. . 321 
...333 

...173 

....286 
... 286 

... 193 
...258 

... 74 
20 

.... S4 
.... if 
... 20 

.... 246 

22 

10 



INDEX, 


S4S 

Mum*i test 

MecbanicBl refrigeration, application of 

chemicals used for, principles of. 
direct expansbn, and brine system 

Membrane enveloping fat globuTes 

Mercantile Exchange, N. Y., grades of butter 

Metric system of weights and measures 

Milk, abnonnal 

apportioning skimmed 

bloody 

blue and yellow 

elassihcation of 

composition ; 

of, from different animals 

definition of 

effects of thunder-storms on souring of 

fat in skimmed 

from barren and spayed cows 

grading of 

neoe^Mty of good 

powder for starto’s 

properties of, phyacal and dwmioal 

ropy 

salty 

sampling of 

frosen, churned and sour 

secretion of, conditions affecting 

theories 

specific gravity of 

total solids of 

tuberculous cows’ 

Variation in quality of, and causes 

Milking, frequency of 

manner of 

Milking-machine, power, hand, t.nd foot 

Mottles, causes oif, in butter 

kinds of 

prevention of 


sail 

s 

m 

816 

64 

980 

66 

64 

1 

3 

.... 3 

I 

...... 53 

123* 

61 

7« 

91 

223 

31 

58 

55 

98 

32,97,98 

38 

26 

32 

8 

62 

66 

68 

70 

. . . .70-72 

263 

263 

264 


Natural starters, preparation of 218 

New York Extras defined. 298 

Non-volatile feta t2 

Nuclein in milk 28 


Oil s^Mrator ...881 

Olein, effect of variation of, on softness of butter ; , 12 



INDEX. 


319 


sjjii^ty milk nun 

ferments.' ‘U 

Ov^r-ripe cream * ' 

Oiwmm, definition and calculation of 
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